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the spongy tissue. 5. Longitudinal section of a 32-nncleate prothallus (Saxton) 
6-8. 6. Longitudinal section of young archegonium, showing the central nucleus 
immediately below the neck, and the well-marked jacket cells. 7. Mature 
archegonium. 8. Upper part of Fig, 7, showing the character of neck cells 

(Saxton) 
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of the archegonia. 12. A tangential section from the same ovule as Fig. 11, 
showing nucellar cap, pollen-tube containing four sterile nuclei in the swollen 
apex, and an archegonium containing a 4-nuclcate pro-embryo and another 

(ventral canal ?) nucleus close to the apex (Saxton) 
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a regular iS + 18 anaphase I disjunction (Catcheside) 614 

46-7. Pollen mother-cells showing bivalents lagging as the result of the presence of 

interstitial chiasmata in them (Catcheside) 614 
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(Catcheside) 6x9 
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turnips, and swede X turnip Fj (Catcheside) 620 

67-8. Swede X turnip Fj (ABK) pollen mother-cells at late anaphase I (Catcheside) . 621 

69-71. Swede X turnip Fj (ABK) pollen mother-cells (Catcheside) , , . . 621 
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(Catcheside) 624 

I -3. I. Fiicus vesiculosus. Transverse section of thallns. 2. Ascophyllum nodosum. 

Medullary cells showing stratification of the cellulose. 3. Pelvetia canalicu- 
lata. Thallus (Naylor and Russell- Wells) ...... 639 

4. Chondnis crispiis. Thallus showing distribution of cellulose (NaylOR and 

Russ ELL- Wells) 640 

5. Bostrychia scorpioides. Thallus showing distribution of cellulose (Naylor and 

Russell- Wells) 640 

1-9. Boronia heterophylla F. Muell. i. l^lower base after the emergence from the 
central cylinder of the orthogonal sepal midribs, and the dissociation of the 
diagonal trunk cords into the sepal marginals and branching petal midribs, 

2. The same after the exsertion of the sepals. 3. The same after exsertion of the 


petals, one of which is shown in position, 4. The flower after exsertion of the 
perianth and both stamen whorls. 5. The same after the sterile carpel midribs 
have left the central cylinder. 6. The gynoecium surrounded by a thin ring of 
disc tissue at the level of origin of the loculi, showing extension of the radial 
splitting, and the demarcation of the inner boundary of the carpels from the 
pith preparatory to complete separation into four distinct ovaries. 7. The 
individual ovaries reunited at the level of transition to the single style column. 

8. Base of the large 4-sided columnar stigma. 9. Apex of the same showing 

four defined lobes (Saunders) 646 

10-23. Boronia megastigma Nees. 10, Base of flower at the level of origin of the 

sepal midrib bundles in the orthogonal, and of the trunk cords for the sepal 
commissural marginals and petal midribs in the diagonal. 11, The same at 
the level at which dissociation of all four diagonal trunk cords into their 
components is all but complete. la. The flower after exsertion of calyx, 

■■b 
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corolla, and aiitesepalous stamens, and the emergence of a set of trunk cords on 
the sepal radii. 13. The ovary still surrounded by disc tissue except in the 
sector below on the right in which the loculus has made its appearance. 

14. Apex of one of the four ovaries. 15, 16. The four-armed stigma formed 
by the reunion of the halves of the split carpels. 15. The basal region. 16. 

The apical region. 17, iS B. fastigiata Barth 17. The gynoecium of four 
separate ovaries formed as in B. heterophylla, 18. The style column just before 
it terminates in four barely confluent stigmas which stand over the loculi and 
hence in line with the petals. 19-23. Agathosma imbricata Willd. From a 
pentamerous flower. 19. Flower base at the level at which the sepal midrib 
bundles turn outwards to the periphery. 20. The same after the five trunk 
cords which furnish the petal midribs and the bundles for the superposed stamens 
have left the central cylinder on the one set of radii and have been followed on 
the other set of radii by the five bundles for the antesepaloiis stamens. 3X. The 
same at the level of disjunction of the oligomerous gynoecium from the 
surrounding ring of perianth-stamen-disc tissue. 32. The flower after the 
petals and antepetalous stamens have become disjoined. 23. The gynoecium 
after it has become split into three separate ovaries in which the loculi have 

become closed (Saunders) 650 

24-30. Calodendrum capensis Thiinb. 24. Flower base after the five bundles for the 
sepal midribs have emerged from the central cylinder, 25. The same after the 
petal midribs have become dissociated from the sepal marginals. 26. The same 
after exsertion of the calyx. 27, The staminal ring lined with disc tissue. 

28. The staminal ring still showing a diplostemenous arrangement at the level 
at which the filaments begin to separate. 29. Ovary base after the appearance 
of the loculi which stand in line with the sepals, 30. The five ovaries arising 
by spurious apocarpy in a ring round the ‘ gynobasic ’ style column 

(Saunders) * . 654 

31-52, 31-4. Barosma crenulata Hook. From a pentamerous flower. 31. The gyno- 
phore. 32. Ovary base immediately after the appearance of the loculi. 

33. Ovary apex showing the pair of outgrowths from each sterile carpel sup- 
plied by branches from the midrib. 34. The style column with the true pairs 
of placental strands alternating with the convexities in the outline which 
indicate the radii of the loculi. 35. Toddalia aculeata Pers. The gynoecium 
of an isomerous pentamerous ^ flower at the stigma level. 36. Ruta graveolens 
L- From a tetramerous flower. The ovary base surrounded by disc tissue, 

37-43. Zanthoxylum planispinum Sieb. and Zucc. 5. From a K 4 C 4 flower 
with a dimerous gynoecium. 37, 38. Flower base at the level of origin of 
the bundles for the perianth members. 39. The same after exsertion of six 
members of the perianth. 40. The gynophore. 41. Base of the gynoecium 
at the level at which the two sterile carpel midribs turn out from the central 
cylinder- 42. The same after the organization of the residual vascular elements 
seen in 41 into the twin strands of two median fertile carpels and their later 
separation into false pairs. 43. One of the two ovaries formed by the radial 
splitting seen in 42. 44, 45, Z. Bungei Planch. The gynoecium of an 
isomerous tetramerous flower. 46-9. Z. fraxineum Willd, o^. 46. Flower 
base above the level of exsertion of the perianth and stamens. 47. The 
gynophore* 48, The four sterile carpels in process of separation. 49, A single 
carpel disjoined from the others at the level at which it passes into the style 
filament. 50-2. Ptelea trifoliata I,., o^. From a pentamerous flower. 

50. Flower base just below the level of exsertion of five sepals which are 
without commissural marginals. 51- 'TFe same after all but two members of 
the perianth have been detached. 52 a-d. The gynoecium now free from the 
disc, (Saunders) . ... . . , , * . , ' . a 660 

33-63, . 53-5» Ftelea trifoliata L. 53. The vascular cylinder with bundle (starch) 
sheath and surrounding parenchyma from the region above the level at which 
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the sterile carpel midribs turn outwards and below that at which the bundles 
for the fertile carpels become organized, the residual xylem elements for these 
latter bundles being still scattered in a ring round the pith. 54 A, B. The 
gynoecium. a. From the middle bilocular region. B. From the upper, 
unilocular region. 55. The, two stigma lobes, which are centred over the 
loculi, after the vascular bundles have come to an end and as the two areas 
of conducting tissue open out to the surface. 56-62. Triphasia trifoliata DC. 

From a tetrameroiis flower. 56. The gynophore surrounded by disc tissue 
immediately above the level of exsertion of the perianth and androecium. 

57-9. Stages immediately preceding, coincident with, and succeeding disjunc- 
tion of the disc from the gynophore. 60. The ovary after the appearance of 
the loculi. 61. The same after development of the placentae. 62. The style 

column (SaUx'^ders) 664 

63-72. 63, 64. Aegle sepiaria DC. 63. The ilower above the level of exsertion of the 

perianth. 64. The gynophore. 65-8. Citrus deciimana Murr. 65. The 
central vascular cylinder and surrounding ground tissue immediately above the 
level of exsertion of perianth and androecium. 66. The same after the sterile 
carpel bundles seen in 65 have left the central cylinder, but before those for the 
fertile members are yet organized. 67, 68. The style column. 69-72. Feronia 
elephantum Correa. 69. The gynophore. 70. Ovary base at the level of 
origin of the loculi. 71. The ovary now unilocular. 72. The style column 

(Saunders) 668 

73-Sxp 73 “^* Cneoridium dumosum Hook. 73. The gynophore. 74. Ovary base now 
beginning to assume the outline of the figure 8. 75. The ovary after the 

appearance of the loculus. 76. Upper region of the ovary at the level of the 
origin of the ‘gynobasic’ style filament which is seen cut obliquely. 77-81. 
Thamnosma montanuni Torr. and Frem. The gynoecium at the level of 
origin of the two sterile carpel midrib bundles. 78. The same at the level of 
transition from the bilocular to the unilocular condition through the complete 
separation of the two fertile carpels along their inner face. 79. The same 
after the splitting in half of the two fertile carpels is complete. 80. The same 
after the ‘gynobasic’ style filament has become free. Sr. The two stigma 
lobes which are centred over the loculi. S2-4. Phellodendron japonicum 
Maxim, o^. 82. The gynoecium with very small loculi but without placentae, 

ovules, or vascular bundles. S3. Upper region of the same now unilocular 
through disappearance of the central parenchyma at the level of origin of the 
style filaments which are centred over the loculi. 84. One of tlie style fila- 
ments now free (Saunders) . ... 670 

8 5-8. 85 A-D. Boronia spp. A. B. fastigiata Bartb B. B. heterophylla F. Muell. 

c. D. B. megastigma Nccs. c. The complete flower. D. The same flower 
after removal of the cross-shaped stigma showing the separate ovaries and the 
crenulate disc. 86 a-c. Feronia elephantum Correa, a. The flower after 
removal of the front petal and four stamens in order to expose the gynoecium. 

B. Apex of the st3de column taken from a bud, c. A young fruit, 87. Toddalia 
aculeata Bers. The ovary with sessile stigma lobes, 88. Phellodendron 
japonicum Maxim. 0^, Calyx and ovary with separate style filaments 

(Saunders) 672 

89-96. Zygophyllum Fabago L. 89. Flower base after the trunk cords ior the 
perianth and androecium have left the central cylinder. 90. The same after 
exsertion of the perianth. 91 -S. Ovary base showdng transition from a 
circular to a 5-angled outline, stages in the development of the loculi, and 
branching of the sterile carpel midribs. 94, Middle region of the ovary show- 
ing branches from the placental strands for the ovules. 95, Base of the style 
column which is solid owing to the persistence of the central parenchyma. 96. 

Apex of the style column showing the five canals seen in 95 opening into a central 
space due to the disappearance, of the central parenchyma (Saunders) , , 674 
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97-109. 97-106. Zygophyllum sessilifolium L. 97. Flower base after the vascular eleroents 

for the sepals, petals, and antepetaloiis stamens have left the central cylinder 
irregularly combined in the form of five cords of very unecjiial size. 9^? 99'* 
The same after the break-up of the large cords seen in 97 into their com-* 
ponents. 100. The same after exsertion of all the sepals. lor. The flower 
above the level of exsertion of calyx and corolla. 102. Ovary stipe together 
with three stamens not yet exserted. 103. The ovule-bearing region oi the 
ovary, 104. The ovary just below the level at which the loculi close. 105. 
Lower region of the style column in which the sterile carpel systems, except 
for a few strands, have also come to an end, 1 06. Upper region of the same 
after the central parenchyma has come to an end giving rise to a space into 
which the canals open. 107-9. Tribulns terrestria L. 107, 108. The ovary 
before, and after, the appearance of loculi showing stages in the emergence and 
branching of the sterile carpel midribs. 109. Base of the short style column 
showing the persistent sterile carpel midribs and smaller strands around the 
large areas of conducting tissue (Saunders) 

1 10-1 8. Peganum Harmala L. From a flower with a tetramerous gynoecium. iio» 
Flower base at the level at which the five sepal midribs turn out from the 
central cylinder leaving behind five large masses of vascular elements on the 
alternate radii, in. The same after a portion of each of the residual vascular 
masses seen in no has become detached from one end to furnish the bundle for 
the antesepalous stamen Jon the adjacent radius. 112, 113. The same show- 
ing further stages in the break-up of the residual masses seen in in. 114. The 
same after removal of all members of the perianth except one sepal. 115. The 
gynophore. 116. Ovary base. 117. Ovule-bearing region of the ovary. 

1 18. Upper region of the ovary with ‘gynobasic’ style column (Saunders) , 
119-25. Guaiacum officinale L. From a flower with a dimerous gynoecium, 119. Flower 
base after exsertion of two of the five sepals and one of the five petals. 1 20. 
The same after exsertion of the remaining perianth members and two of the 
stamens. 121. The gynophore now wholly free. 122, Ovary base. 123. The 
same after the appearance of the loculi, 124. The ovule-bearing region of the 

ovary. 125. Base of the style column (Saunders) 

126-39. 126-51. Augea capensis Thunb. 126. Flower base at the level of origin of the 
sepal midrib bundles on the one set of radii and of the sepal commissural mar- 
ginals and petal-stamen bundles on the alternate set 1 27. The same after the 
petal-stamen bundles have turned out horizontally. 128. Central region of 
the same at the level at which the antesepalous stamen bundles turn out 
from the central ring. 129. The flower after exsertion of the calyx. 130. The 
same after the petal-stamen ring has become disjoined from the gynoecium. 
1 31. The ovary just before the loculi close. I32-9. Stachyurus praecoxSieb. 
and Zucc. 132. Flower base. 133. The same after exsertion of the median 
and right lateral sepals and complete dissociation of the diagonal trunk cords 
into their components. 134, The same after exsertion of the remaining sepal. 
135. The flower just before exsertion of the petals showing a diplostemonous 
arrangement as the result of the peculiar shape of the disc on which the stamens 
are seated. 136. The same after exsertion of the petals and one of the antese- 
palous stamens. 137. The ovary to which are still attached remnants of the 
disc carrying two of the inner whorl of stamens which are not yet exserted, 
138, The same after the appearance of the loculi. 139, The four stigmas 

whi<& are centred over the loculi (Saunders) 

140-54* I40» ^^tirraea mombassana Hiern. The ovary of a pentamerous flower. 

140^ From the multilocular. Ovule-bearing region. 141. From the region 
above the ovules, 142-5. Melia Azedarach L. From a hexamerous flower, 
143. The unilocular ovary, 143. Base of the style column. 144, Apex of 
, , ; the<, style, column at the level of transition to the stigma. 145. The six stigma 
/lobes which mre cmtred over the loculi. 146-8. Cneorum tricoccon L. 146. 
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Base of the ovary after the sterile carpel midrib bundles have turned out from 
the central cylinder. 147. Middle region of the ovary. 148. Upper region 
of the ovary now become unilocular owing to the disappearance of the central 
parenchyma. 149-54, Erythroxylon Coca Lam. 149. Flower base showing 
the exserted sepals, the petals just before exsertiou, and the staminal ring 
defined, but not yet disjoined from the trimerous gynoeciiim. 1 50. The staminal 
ring and gynoecium now disjoined. 151, The staminal ring. 152. The ovary 
just before the appearance of the loculus. 153. The same after the loculus has 
become closed. 154. The three stigma lobes which are centred over the 
loculi, each with sterile carpel midrib and an area of conducting tissue. 
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1-6. Somatic metaphases in aconites oi the section Lycoctonum (Schafer and La Co ur) 696 
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(Schafer and La Cour) 69S 
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(Seward and Conway) . 722 
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4. Cuticle of Phyllites kerguelensis (Seward and Conway) 7 ®.^ 

Map 11 . Southern Hemisphere. Showing (i) the approximale present distribu- 
tion of Araucaria ; (ii) the position of various islands mentioned in the text ; 

(iii) in Antarctica ; (iv) the geographical distribution of fossil Araucarias 

(Seward and Conway) 728 

Map III, Northern Hemisphere, showing regions within which fossil Araucarias 

have been found (Seward and Conway) 73 *^ 

1. Calcium absorbed by Vicia faba in successive weeks from a complete nutrient 

solution renewed weekly, 1930 (Warington) 748 

2. Calcium absorbed by V. faba during successive growth periods from a complete 

nutrient solution renewed fortnightly. 1930 (Warington) 749 

3. Calcium absorbed by V. faba during progressively increasing periods of growth 

from a complete nutrient solution not renewed. 1930 (Warington) . . 75 ^ 
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6. Relation between calcium absorption, potassium and nitrogen content, dry matter 

production, and the quantity of calcium supplied to V. faba for plants of different 
ages. Solutions not renewed. 1931 (Warington) « . . . . 7^2 

7. Relation between calcium absorption, dry matter production, and the age of V, 

faba when supplied with different amounts of calcium. Solutiom not renewed. 

1931 (Warington) . . ■ , . ';769 



XXll 


Index. 


Figures. 

8, Relation between the percentage calcium, potassium, and nitrogen content of V. 
faba with the quantity of calcium supplied. Age four weeks. I931 

(Warington) . . 

I, Diying out of lichens and agar gel in air (Smyth) 

3. Absorption of water vapour by P. canina during 7 days at 21“ C. (Smyth j . 

3. Drying out of P. canina over CaCl2 at 21° C. (Smyth) . . . . . 

4. (fr) Respiration of P. polydactyla at various temperatures, {b) Respiration of P, 

canina at various temperatures (Smyth) ....... 

5. Respiration and water content of P. canina and P. polydactyla (Smyth) 

6. Illumination apparatus for assimilation experiments (Smyth) .... 

7. Assimilation of P. polydactyla at various light intensities (SMYTH ) 

8. Assimilation of P. polydactyla and light intensity (Smyth) .... 

9. Temperature and assimilation of P. polydactyla (Smyth) . . . . . 

10. Carbon dioxide supply and assimilation of P. polydactyla (Smyth) 

11. Water content and assimilation of P. polydactyla (Smyth) . . . . . 

12. Water content of P. canina and environmental conditions (Smyth) 

1-3. T and 2 show a single tetrad as seen in two successive sections. 3 shows a tetrad 

complete (Benson) 

I. Thalliis of Trentepohlia sp. from Detmer’s agar culture (Karlin g) . 

3. ^ Durchwachsnng ’ of dead intercalary cells. 3-6. Variations in the size, 
shape, and number of necks of sporangia from Detmer’s agar cultures. 7, Large 
zoosporangium with noii-motile spore segments escaping. 8. Pair of zoospores 
with cilia entangled. 9. Group of four zoospores stuck together. lo-ix. 
Large 4-ciliated motile spore, or perhaps zygote, before and after coming to 

rest (Karling) 

12-13. 12, Portion of lichen thallus near region of attachment. 13. Large phragmo- 

sporous spores attached to Trentepohlia sp. (Karling) 

14-19. Successive stages in the development of a sessile, lateral, globular zoosporangium 

(Karling) 

1-3. I. The upper row shows the approximate extent of resin cysts at four dormant 
period wounds and the lower that at five growing period wounds, 2. Details 
of the distribution of resin cysts at wound on branch 52, wounded May i. 
3. Same ior wound on branch 69, wounded .September 22 (Bannan) 

4, Average resin cyst production and ring width of the wounded branches (Ban nan) 

1. Graph showing daily rates of flower production of separate treatments, as 

deviations from mean flowenng rate of all treatments (Crowther) 

2. Graphs showing dry weights of {a) green leaves and {!)) wdiole plant for successive 

fortnightly samples, for the four extremes of treatment (GROWTH ER) 

3. Graphs showing dry weights of {a) stems, (^) flower-buds, {fy green-bolls, for 

successive fortnightly samples, for the four extremes of treatment (Crowther) 

4. Graph showing total nitrogen content of plants throughout season for all treat- 

ments (Crowther) 

5. Graph showing nitrogen percentage of dry weight for (^r) green leaves, (/-») flower- 

buds, (<r) stems, {d) green-bolls and lint, and (e) seeds and lint (Crowther) , 

6. Graph showing distribution of nitrogen within the plants of the treatment 

receiving maximal nitrogen and water supply (Hg) (Crowther) . 

7. Graph showing nitrogen in green leaves and in reproduction parts (flower- buds 

and bolls) respectively as fractions of the total nitrogen in the plant (Crowther) 

8. Graph showing the percentage nitrogen in the whole plants for («) effect of water 

supply and (^) effect of nitrogen supply (Crowther) . . . . , 

9. Graphs showing effect of water supply and of nitrogen supply on the actual rate of 

uptake of nitrogen and on the relative rate of uptake of nitrogen (Crowther) 
IG, Graph showing the total seed cotton picked up to each successive picking date for 
'' ,all treatments (Crowther) . 

11. Graphs showing the effects of {a) nitrogen supply on ginning out-turn {bi) water 
and (^2) nitrogen supply on weights of 100 seeds, (r) water supply on weight of 
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lint per loo seeds, {tf) nitrogen supply on weight of seed cotton per boll, 

(^) nitrogen supply on maturation period of boll (/) nitrogen supply on lint 

length (Crowther) 903 

1 2, Yield of seed cotton as function of amount of water and nitrogen (Growth er) . 905 

1 a~o. Plumage Archer Barley. a~j. Early stages in differentiation of the spike, k and / 

adaxial and abaxial views of a spikelet group, w, and 0 stages in growth of 
gynaecenm (Purvis) 924 
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(Fig. 6) and to begin with there are two stylar canals. 7. Transverse section 
on the style. 8. Mirabilisjalapa, transverse section of the ovary. 9. Bougain- 
villea spectabilis, transverse section of the ovary (JosHi) .... 969 

Stellera Chamaejasmae ; transverse sections of the gynaeceum from below up- 
wards. 10. Ovary about its middle, showing four bundles in its wail, ii. 

Just below the style, showing six bundles, 12. Base of the style. 13-14. 

The style (JoSHl) 970 

Gisekia pharnaceoides. 15. Transverse section of the thalamus after the 
perianth leaves have separated, showing the traces of the five carpels. 16. A 
part of the transverse section of the gynaeceum higher up, showing two carpels 
complettdy. 17. Transverse section of one style, showing the presence of the 
dorsal bundle and stylar canal. 18-20. Mollugo verticillata. 18. Transverse 
section of the ovary about the middle. 19. Transverse section on the ovary 
just below the styles, showing the origin of the stylar canals just at the place 
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(JosHi) . 971 
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1 . The effect of various treatments on the percentage area covered by T. repens. 

The rates of application at each weekly dressing were 278*5 gm. nitrogen and 
4,840 gm. sucrose per 1,000 sq. ft. (Blackman) . . . . • • 977 

2. Ditto (Blackman) , . ^ . ' 97S 

3. The effect of various treatments on the percentage area covered by T- repens. 

T|ie rates of application at each fortnightly dressing were 278*5 gm. nitrogen 
an^4,S4o gm* sucrose per 1,000 sq. ft. (Blackman) . . . . . 9S0 

4. The effect of various treatments on the percentage area covered by T. repens* 


10-14. 


15-20. 



XXIV 


Index. 


Figures, page 
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An Annotated List of Groups of Wild Hybrids in 
the New Zealand Flora. 


BY 

L. COCKAYNE 

AND 

H. H. ALLAN. ^ 

Introductory. 

T he period 191:^-33 saw a remarkable advance in the knowledge of 
wild hybridism in the New Zealand Flora. Cockayne in 191a ( 27 ) 
referred with some doubt to five possible hybrids, but suggested that 
hybridism might play a larger part than had been suspected. In 1917 ( 28 ) 
appeared his paper on ‘ Species’ and ‘ Variety In the light of the taxo- 
nomic views there expressed, the study of wild hybrids was taken up in 
earnest by that worker and his colleagues. In 19^1 came Cockayne’s dis- 
covery of the vast extent of hybridism in Nothofagus. In 1923 ( 30 ) he 
published a list of 130 supposed hybrids, and attempted a classification of 
these on geographical distribution and opportunity to cross. The visit of 
the late Dr. J, P. Lotsy and his public lectures on ‘ Evolution considered 
in the Light of Hybridisation’ lent their impetus to the movement As a 
supplement to those lectures Cockayne ( 31 ) listed 208 known hybrid 
groups. Studies of particular groups began to appear, and in 192^8 ( 33 , 
p. 401) Cockayne, in a brief summary of the results, put the number of 
groups at 290, considering 230 of them to be beyond doubt 

An account of the chief facts, with a special reference to his own 
studies in Gmdtheria, was given by Sir Arthur Hill in 1929 before the 
Linnean Society of London ( 47 ). A rather detailed account of the whole 
subject was given by Allan ( 13 ) to the Australian and New Zealand Asso- 
ciation for the Advancement of Science. At the present stage in the 
history of the investigations it seems necessary to present the following list 
of 491 groups, with some notes on important features of these. 

A discussion of the extent of wild hybridism in the New Zealand 
Flora is not of local interest merely. It is the story of happenings in hfi 
area long isolated, then gradually coming more and more under the influence 

f-AnaalsofBotany, VoLXnvIII. No. CLXXXIX. January, 1934.] ' 
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of man. While it shows that hybridism was prevalent in the primitive 
vegetation, it also shows how man’s actions have in many instances 
favoured the increase of hybridism in various ways — removal of forest 
giving fresh areas for rapid successional stages of vegetation, with increased 
opportunity and space for species to meet and hybridize, the bringing into 
proximity of species that were previously more or less isolated by their 
occurrence in different associations, the coming in of a new flora and 
vegetation with opportunity for exotic species to hybridize with indigenous 
ones, and so on. 

All this must have an important bearing on studies in long-settled 
lands, and should emphasize the need for critical examination of the role of 
wild hybrids in their floras and vegetation. Further, the list provides the 
opportunity of comparing the relative incidence of hybridism in families 
and genera in other countries. How important opportunity for crossing is, 
may be seen from the fact that both in a garden in Scotland and one in 
New Zealand has been observed a hybrid between an Australian and a 
New Zealand Olearia, while several hybrid plants have been discovered 
in New Zealand gardens between species that never meet in nature. What- 
ever views be held on their significance, whatever theories be based on 
them, the facts here adduced must be reckoned with in all branches of 
botanical work. 

Our taxonomic terms and conceptions have been dealt with in some 
detail elsewhere (6, 13, 38, 39), and have been summarized by Cockayne 
(38, p. 6). Here it will be sufficient to repeat that we take as our funda- 
mental field-unit the jordano7t^ defined as ‘a group of externally alike 
individuals which breed true when bred among themselves’. Species we 
class as Simple when consisting of only one jordanoii,^ Compound when of 
two or more. In the floras very many ^species’ are aggregates of 
jordanons and their hybrids; such we term linneons. The term Hybrid 
we apply to a plant arising from a cross, whether such crossing occurs 
between jordanons, a jordanon and a hybrid, or between two hybrids. An 
outstanding result of studies in New Zealand is the establishment of the 
facts that in the majority of cases the hybrid progeny show great poly- 
morphy, and that in very many cases the hybrids show a high degree of 
fertility, even when the cross is between morphologically extremely distinct 
jordanons. Instances are not wanting where characters have arisen that 
are not shown in the parents. A particular series of hybrids occurring in 
the field we call a Hybrid Swarm. The total of forms found in the various 
swarms between a particular pair of jordanons we call a Hybrid Grotip. 

It is now well known that true-breeding forms may arise as a result 
of hybridism. Such, for us, are nevertheless jordanons, and their origin by 
hybridization cannot certainly be demonstrated in the field, although field 
obseiwatioo may give pregnant suggestions as to jordanons likely to yield 



Wi/d Hyhdds in the New Zealand Flora. 3 

evidence on this point. We recognize fully the value of exact genetic 
studies, but we maintain that proper field observation can establish beyond 
doubt many groups of hybrids. Further strong support can be, and has 
in some cases already been, given by studying the results of sowing seed 
from supposed hybrid plants. Nor must it be forgotten that much maybe 
learnt from the examination of wild seedlings in relation to the adults 
present. The evidence afforded by distribution is of great moment — case 
after case can be demonstrated where two jordanons show perfect uniformity 
in those parts of their area where they grow alone, but polymorphy at 
once occurs where the two meet. Those cases that have been tested by 
artificial hybridization have given full support to views based on field 
studies. We recognize fully the need for great care in attributing hybrid- 
ism to aberrant forms and for scrupulous consideration of the evidence. 
Especially must the phenomena of epharmony be carefully examined. We 
use the term Epharmone to apply to those forms that differ from the 
'normal’ — or rather, 'usual’ — owing to the influence of some special 
environmental condition. Several examples may be found in the New 
Zealand literature, where such unstable epharmones have been given at 
least varietal rank. 

We have in several publications used for hybrid groups names com- 
pounded of the specific names of the parents, e.g. the group produced by 
Hebe elliptica x salicifolia we have called x H. ellipsala. This method is 
not altogether original with us ! De Candolle, in his ' Physiologic V^gdtale' 
of 183 ^^, gives several examples from Schiede, and others could be cited. 
But the practice has met with some criticism, although the compounding of 
generic names in inter-generic crosses is a recognized custom. Thus 
Renner (59, p. 3 ) says, ' Es ist zu hoffen, dass dieser Brauch sich ausserhalb 
der Neuen Welt nicht einbllrgert He refers, however, specifically to some 
of our first, rather crude, efforts at providing very brief compound names. 
Dll Rietz (44) says, ' the method ... is certainly very handy in verbal dis- 
cussion, notebooks, &c., but for botanists less familiar with the flora con- 
cerned it may often be hard to understand that Nothofagiis cliffusca means 
Notkofagus diffortioides xftisca^ ... In scientific litei*ature I therefore prefer 
writing out the whole formula.’ A more fundamental objection, one 
involved in giving a name to any hybrid is that such a name may be 

mistakenly applied to a few forms, or even a single form of that group. We 
so strongly wish to emphasize the distinction between a hybrid group and 
a single hybrid that we have in this paper used the formula only, except in 
those cases where a name has already been published in a valid manner, 
with application to the whole group. The horticulturist needs names for 
definite hybrid forms that are of horticultural value — such a name is 
xRubtis Barheri^ unexceptionaT because every plant in existence has 
been derived vegetatively from the single wild plant found. Did x 
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ellipsala, however, come to be used In horticultural literature one would soon 
find that, as the group elUptica x salicifoUa contains a number of distinct 
forms of garden value, the Hebe ellipsala of one garden was a very different 
thing from the H. ellipsala of another. That this is a very real source of 
confusion readers of gardening journals will know. But when Du Rietz (44) 
says ‘ Cockayne and Allan severely criticize the method of giving binary 
names of the ordinary type to hybrids ' he misses the distinction between 
a hybrid and a hybrid group. Our expressed criticism was against using 
names that were originally applied as specific ones to a small part of a group, 
to apply to the whole hybrid group. Thus we consider it extremely mislead- 
ing, and wrong in principle, to apply the name Fagiis apkidata Colenso (the 
type specimens apparently ail taken from one tree) to the whole poly- 
morphic group formed by N. Solandrix truncata. 

Certain general features resulting from a consideration of lists are 
presented in the summary. Here we have great pleasure in acknowledg- 
ing the Royal Society Research Grant that enabled us to gather from 
a wide area, in a comparatively short time, a store of information that other- 
wise would have taken years to accumulate. 

I PTERIDOPHYTA. 

Field (45) suggested that hybridism might be the key to some of the 
difficulties encountered by pteridologists in classifying their specimens. 
Until quite recently no serious work had been done to test this suggestion. 
The late Mr. Carse, at the suggestion of Cockayne, studied the ferns of the 
North Auckland Peninsula from this point of view, and concluded that 
hybridism was rife in Asplefiium^ Polystichum^ and Pteris. Mrs. M. M. 
Martin has commenced a detailed study of the question — a study that has, 
especially in the genus Asplenmm, already brought forth remarkable 
results. Over 150 hybrids have been added to the Wellington Open Air 
Museum. 

Hymenophyllacjeae. 

The New Zealand species of this family are very plastic and ephar- 
mone readily, especially in regard to the development of hairs. This is 
well brought out in the papers of Holloway (48, 49), It is no easy matter 
to secure definite evidence in particular cases as to how far the diversity 
observed Is due to epharmony, and how far to hybridism. We give a 
tentative list to indicate groups that should reward intensive study. 

T^ flywempkyllmn demissmnx'scabrum, D. (D = Doubtful). 

This probable hybrid group was first suggested by Field (45), Speci* 
. mens,, collected by Allan and Zotov also suggest hybridism. 
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H. flabellaiumxrnfescens. D. 

H. jiabellatum has a wide range, H. nifescens is more local, and of 
restricted altitudinal range, but the two occasionally occur together, and 
intermediate forms have often been collected. 

3. H. peltatum x iunbridgense. D. 

Both are compound species, occupying different altitudinal belts. 
Intermediate forms are often met yith on the line at which the lowland 
tunbridgense gives way to the montane peltaium. Lotsy, seeing Hollowaj-^’s 
collection, was fairly certain that hybrids were present, and Holloway has 
expressed a similar opinion in a letter to Cockayne. 

4. sarigninolentum x villosMin. D. 

Preliminary field studies suggest that both epharmony and hybridism 
play a part in the polymorphy observed. 

Cyatheaceae, 

No hybrid groups have been recorded in this family in New Zealand, 
but certain aberrant forms found suggest the desirability of studying 
Cyathea dealbata and Hemitelia Sniithii as possible parents of hybrid 
forms. It is by no means established, also, that C Cunninghamii is a 
^ good ^ species, and not of hybrid origin. 

POLYPODIACEAE. 

Hybridity has been quite definitely established in this family, and the 
list given below is bound to be augmented before very long. 

5. Adiantiim affine x fulvnm. D. 

Cheeseman (25, p. 74) writes of A. ‘very close indeed to 

A. affine, with which it certainly seems to me to be connected by inter- 
mediate forms/ Our knowledge of polymorphy in the two species is not 
sufficient for us to declare as to hybridity or not, but the presence of con- 
necting intermediates is so frequently due to hybridism that we have little 
doubt the same will prove true in this case. 

Asplenimn btdbiferum. 

A, bulbiferum as described by Cheeseman (25, p. 50) is a linneon con- 
taining a vast number of forms, the jordanons of which have not yet been 
properly worked out The late Mr. Carse, who had devoted considerable 
attention to the northern forms, concluded that there were four inter- 
hybridizing jordanons. It is certain that A. bulbiferum {se^zs, ampL) hybrid- 
izes freely with many species, and Mrs. Martin has already established 
a number of these groups. Many hybrids are recognizable by possessing 
the bulbil-bearing character of the bulbiferum parent. 

6 . A. bulbiferum X Colensoi, 

Certain forms have been illustrated by Allan' (9). MrsCM. ;,l^.;;Martin 
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has discovered a long series of intermediate forms, some of which bear 
bulbils. Her work is a fine example of what careful field observations can 
reveal. 

7. A. iidbiferumy. falcatum. 

From an examination of many individuals growing in the neighbour- 
hood of the common forms of A, btdbifertim and A. falcatum^ Mrs. Martin 
considers that there is no doubt concerning this group. 

8. A. bidbiferumxjiaccidum. 

This cross is revealed again and again throughout most of the region 
by highly polymorphic swarms. The dominance of the bulbil character is 
most marked. 

9. A. bidbiferum x Hookeriamini. 

In certain forests the easily recognizable A. Hooherianum, with its 
small, rounded, stalked pinnules is invariable, except for epharmonic 
changes* But where it grows in company with the entirely different, much 
larger A. bidbiferum, large swarms of intermediate hybrids occur, and this 
is the case throughout the entire wide range of both species. As in the 
A. Colensoi cross, so here, one hybrid frond may be virtually pure bulbi- 
ferum and another on the same plant pure Hookerianum. 

10. A. bidbiferum X lucidtmu 

The two species differ greatly, simple contrasting characters being the 
dull, deeply cut, soft, bulbil-bearing leaves in the one, and the shining, 
almost entire, stiffer leaves in the other. Forms closely resembling lucidum^ 
but with bulbils, occur, so too almost pure bidbiferum leaves with the 
shining surface of lucidum* Also, leaves on the same hybrid plant may 
* greatly differ among themselves. 

11. A, bidbiferum x obtusatum. D. 

Whether the fleshy-leaved rather small fern we here call bidbiferum 
should be included in that species or not, intermediates between it and 
A. oitusaium are common enough. See also remarks under No. 19. 

12. A. bidbiferum X RickardL 

A. Richardi is found especially on shady rocks in the montane and 
the subalpine belts of the dry botanical districts lying to the east of the 
main divide of the Southern Alps, while A. bidbiferum is chiefly a lowland 
forest species. Nevertheless, the two occasionally meet and unmistakable 
hybrids have been met with. 

13. A. Colensoi xflaccidmn. 

Hybrids of this group are common, and combine the long fleshy 
rhachis of flaccidum with the finely cut segments of ColensoL 

14. A* Colensoi X Hookerianum. 

Hybrids occur in abundance when these two distinct species grow 
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together. When A. bulbifertim is also present tri-hybrids almost certainly 
result 

15. A. falcaium x flaccidu m. D . 

Mrs. Martin informs us that apparent hybrids between the two species 
are not common, but she has seen certain different intermediate forms. 
One, showing the leaf-segments and fleshy texture of flaccidum coupled 
with the shining surface of falcattim, is in cultivation in the Wellington 
Open Air Museum. 

16. A, 

Mrs. Martin has collected many distinct forms of this cross in which 
the characters of both parents are plainly visible. 

A. flaccidnm. 

The causes of the remarkable polymorphy in this great linneon are 
very imperfectly known. Cheeseman (25, p. 52) regards what we call 
epharmony as playing a large part, but there has been no critical study 
made. Can the epiphyte, with its pendulous fronds up to a metre or more 
long, really be an epharmone of the short-leaved, erect, tufted ground 
forms ? 

ij, A .flaccidum x Hookerianum. 

Mrs. Martin finds this group to be rare, but the hybrids readily dis- 
tinguishable. Some have a particularly dark green colour. 

18. A. flaccidum x lucidiim. 

Hybrids of this group are not common, but are amply distinct. 

19. A, flaccidum 'Kohtnsatum. D. 

On sea-cliffs where the two species grow side by side intermediate 
forms, epharmonically thick, are common. But the form called flacciduni 
may possibly be epharmonic bulhifcrum. These coastal ferns are much in 
need of experimental study. 

%On A. flaccidum x Richardi, 

The two have similar habitat requirements, and hybrids are common. 
%i. Bkclmitm lanceolatumxmembranaceum. 

The two species are very similar in general appearance, and the 
hybrids show no great diversity. 

22. B, Idnceolatumxnorfolkianuin. D. 

Carse collected specimens to which he attributed this origin. 

23. Ckeilantkes Sieberi X te?mifolia. D. 

Cheeseman (25, p. 68) speaks of intermediates between the two species* 

C. Sieberi x Notkolaena distans. D. 

The two sometimes grow together, and both Carse and Allan have 
observed apparent hybrids. A ■ 
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Doodia candata x media, D* 

Clieesemaii (25, p. 63) speaks of forms of caiidata that ' approach very- 
close to' media, Carse had little doubt that the two hybridize. 

26. Dryoptcris dccomposita glabella, D. 

^ This was suggested by Field (45)jand certainly forms difficult to place 
in either species are not uncommon. 

27. Hypokpis distansxrngosula, D. 

This, and the following Hypolepis crosses, are given on the authority of 
Carse (22), who had made a special study of the genus. 

28. Hs punctata xrngostda, D. 

29. H, punctata x tenuifolia. 

Hybrids of this origin appear to be on the increase where light is being 
let into forest in which the parents occur. 

30. H, rugosula x temdfolza, D. 

31. Lindsay a cuneatay, Lessoziii, D. 

Carse considered this group certain, but further study is desirable. 

32. L, cuncaiay f)microphylla, D. 

We give this on the authority of Carse ; the fern doubtfully referred 
by him to L, microphylla is common in the north-eastern part of 
South Island. 

33. Pellaea falcata x rdtundifolia, D. 

P,falcata is rare, and is known definitely only from a few localities. 
Intermediates occur, as in North Auckland, where the two species meet. 

34. Polystichmn cystostegia x vcstitiim, D. 

P, cystostegia is a summer-green fern of the subalpine belt, very distinct 
in its life-form from the forest-loving P. vestiium. The latter species some- 
times reaches to the cystostegia belt in scrub-clothed gullies. Allan has 
collected at the heads of such gullies on Mount Peel (Canterbury) forms 
quite intermediate in characters, 

P, Richardixsylvaticum. D. 

This has been suggested to us by Carse. 

P, Richardiyvestittim. D. 

Also suggested by Carse, P, Richardi is certainly a compound 
species ; it is also epharmonically active. As it occupies different habitats 
from those of P, vestitum it should not be difficult to test the presence of 
hybrids where the two meet. 

P.sylvaticumy vestitum, ,D. ' ' 

Carse had little doubt of this cross. We confess that we have inade- 
quate field knowledge of jP, and hesitate to list this group as 

established. . ‘ 
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Pteris. 

The genus is badly in need of revision. Carse, who had given a good 
deal of study to it, viewed the three species recognized by Cheesemaii (25, 
p. 74) as linneons each composed of several Jordan ons, any of which 
appeared to hybridize freely when meeting with another. Our own observa- 
tions are in accord with Carse^s. 

38. Pieris cbmans x macilenta. 

39. P. macile^ita x Uxinula. 

OSMUNDACEAE. 

40. Leptopteris hymenophylloides y. snpe^’ba. 

The two species frequently meet in North Island, and hybrids are 
common. 


Ophioglossaceae. 

41. Botrychium anstraleydissectiim. D. 

A whole series of forms linking the atistrale with the dissecitim 
extreme sometimes occur together. But in the absence of dissecttmi a 
considerable diversity of form is still often ..shown by atistrale. It remains 
uncertain what are the jordanons comprising the units of the series. 


11. GYMNOSPERMAE. 

PODOCARPACEAE. 

Cockayne (35) gives a discussion of several supposed Podocarpus 
crosses, but no detailed investigations have yet been made in the family. 
The species are heteroblastic, a fact to be reckoned with in field studies. 
Certain possibly hybrid forms have been brought into cultivation as speci- 
men plants, and have received nomina nnda. 

42. Dacrydhnn Bidwillii x bifor^ne, D. 

The two species differ considerably in habit, but in adult foliage are 
easil}^ confused, so that very careful study is required to demonstrate 
hybridism. 

43. Z?. Bidwillii x lax if 0 Hum, 

B. Bidwillii is an erect densely-branched shrub. D, laxifolmm is 
prostrate, with slender trailing branches. The hybrid swarms show striking 
combinations of these life forms. 

44. D, biforme x laxifolmm. D. 

45* Phyllocladas glaums xtrichomanoides. D. 

Misses L. M, Cranwell and L. B. Moore have collected forms suggest- 
ing that this group occurs on the Waitakerei Ranges (North Auckland). 
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46. Podocarpus acutifolms x HalliL D. 

P, acutifolius was described by Kirk ( 53 ) as a low-growing shrub. In 
the locality whence the type was collected this almost prostrate form is 
commonj but specimens also occur, with leaf and floral characters identical, 
as erect trees up to 12 m. high. Whether these different life forms represent 
different jordanons is not known with certainty, but where either occurs in 
company with P. Hallii intermediates that cannot be attributed to ephar- 
mony also occur. P, Hallii x 7 iivalis produces some forms that mimic the 
bushy form of P. amtifoliiis rather closely. 

47. P. acutifolius x nivalis. 

It is the occurrence of these hybrids, so easily confused with what 
would be expected from P. actitifoliusx Hall f that render this latter group 
doubtful, especially as all three species sometimes grow in company. 

48. P, ferrtigineus X tota 7 'a, D. 

A few specimens only have been seen, suggestive of this cross. So, 
too, for P. spicatus x totara. We refer to them owing to their importance 
for forestry. 

49. P. H aim X nivalis, 

P. Hallii (a tall tree) frequently reaches the upper limits of forest, and 
there may meet the subalpine fell-field P. jiivalis (a prostrate shrub). 
Hybrid swarms showing a range of life forms linking the two species have 
been met with in several localities. P. nivalis var. e 7 ^ccta Ckn. was described 
from a plant possibly belonging to this group, though it may have been an 
epharmone of P. Hallii, 

50. P. Hallii X totaf'a. 

Although this group appears to be common, both species epharmone 
greatly when exposed to strong wind, and great care has to be observed in 
interpreting the diversity found in the field. Cockayne ( 35 ) has applied the 
name x P. Loderi to this group, in honour of the distinguished horticulturist 
Mr. G, W. E. Loder, in whose garden in Sussex are many fine examples of 
New Zealand plants. 

CUPRESSACEAE. 

51. Libocedrus Bidwillixpltimosa, D. 

The two meet in the north of South Island, whence intermediate 
forms suggestive of hybridism have been obtained. 

III. ANGIOSPERMAE. 

I. MONOCOTYLEDONES, 

Gramineae. 

A revision of the family by Allan and Zotov, now in progress, is 
revealing that the species are much more polymorphic than has hitherto 
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been suspected. When the jordanons concerned have been more fully 
investigated it is probable that this list of hybrids will be greatly extended. 

53. Agrostis Dyeriy.te7tiiis. D. 

A. Dyeri (allied to the northern A. carima L.) is the most widespread 
and abundant of the New Zealand species, occurring in one form or another 
in most montane and subalpine grasslands. A. te^iuis^ in several forms, is 
widely naturalized in the same grasslands. Intermediate forms are not 
Infrequently met with, and studies of the leaf anatomy by Zotov support 
the view that the species hybridize rather freely. 

53. Artmdo conspicua x ftilvida. 

A.ftdvida was accurately described by Buchanan (19). It hybridizes 
with .4. conspicua in several localities, and the description of Cheeseman 
(25, p. 181) includes some of these hybrid forms. 

54. Da^ithonia Buchana^ii x semiammlaris. 

"We use the name Buchanani for the compound species so treated by 
local botanists, though it is not D. Buchanani Hook. f. as originally 
described. 

55. D. crassiusctda xflavescens. 

The distinct life forms of the parents make the hybrids easy to 
recognize. D. flavesce^ts is wide-ranging, D. crassiusctda is confined to 
high altitudes. 

56. D. Ctmnmgkamiix Raoulii. 

Both are compound species, and swarms between different jordanons 
of each have been met with. 

57. D. Jiavescetts x RaotdiL 

Within the conception of both species there is extraordinary poly- 
morphy, and hybridism occurs to such an extent that it will be a difficult 
task to sort out the jordanons concerned. 

58. D. nuda x semiannidaris. D. 

The doubt here is whether the name nuda should be applied to the 
one parent. Hooker’s original description of D, nuda does not altogether 
match his specimens, some of which appear to be hybrids. But there is a 
jordanon corresponding to his description that has been observed in the 
localities whence the supposed hybrids have been collected. 

59. D. pilosa X semiammlaris. 

Both are exceedingly compound species. Jordanons of each fre- 
quently meet, and hybrid swarms are plentiful 

60. D, semiamitdaris x setifolia, 

61. Deschampsia Chapmanixtenella. D. 

This is based on herbarium evidence, and cannot be treated as ceithim 
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The whole genus is very imperfectly known, and accurate data concerning 
the field occurrences of the form are lacking. 

6%, Dcyeuxia avenoides x quadriscta, D. 

The extreme forms of these species are very distinct, but numerous 
intermediates have been collected. Further field study is required to 
determine how far these forms represent jordanons and how far hybrids. 

63. D, Billardierix Forsteri* D. 

D. Billardieri is mainly a sand-dune species. A form of the poly- 
morphic D, Forsteri is common in some localities as a sand-hollow plant. 
Allan has collected apparent hybrids in company of the parents near 
Foxton, North Island. 

64. D. Forsteri xpilosa, 

D, Forsteri is a huge linneon, the forms of which have a wide range of 
habitats. D,pilosa is closely allied, and is treated by some as a variety. 
The two certainly hybridize. 

65. Dichelachne crinita x scitirea. 

Hybrid swarms between these two distinct, but compound, species 
have been noted in several localities. 

66. Festuca novae -zelandiae x Briqnetii, D. 

The name F, novae-zelandiae is applied to a very complex group of 
jordanons and hybrids that has not yet been satisfactorily analyzed. A. 
Briquetii is a distinct species, but intermediates have been observed. 
Allan and Zotov have also collected forms that suggested hybridism 
between F, novac-zelandiae and the introduced F, rttbra^ now widely 
spread in several varieties. 

67. Hierochloe Fraseri x redolens. 

Having very similar habitat requirements these two distinct species 
frequently meet, and produce rather polymorphic groups of hybrids. 

Koeleria, 

Herbarium material of the forms of this genus in New Zealand shows 
remarkable diversity. Domin ( 43 , p. 113) described three species and 
several varieties. It would appear that there are several inter-hybridizing 
jordanons, but the present field knowledge is quite insufficient to attempt 
any analysis. 

68. Microiaena avenaceaxstipoides, D. 

M, avenacea is a forest species, while M. stipoides occurs mainly in 
grassland. The two sometimes meet on forest margins, and suspected 
hybrid forms have been met with. The status of JA Carsei^ known only 
from a single lo and of intermediate form, requires investigation* 
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69. Poa anceps x caespitosa. 

The two species are of very distinct life forms, and hybrids have been 

observed in several localities. 

70. P . anceps X setiadmis^ D. 

The coastal plant taken by Petrie as the type of his P. seiictdmis is 
very different from P- anceps. 'Cheeseman (25, p. 193) says 'there is a 
widely spread inland state . . . which gradually varies into small and 
slender states of P. ancepsl 

71. P. caespitosax Colensoi. 

The hybrids mimic P. intermedia very closely. 

P. Colensoix intermedia. 

The two are so closely allied that it is perhaps preferable to treat them 
as varieties of a compound species. 

73. P, Kirkiix MacKayi. 

Polymorphic hybrid swarms have been noted in several localities. 

74. Trisetum antarcticnm x Youngii. 

The exact limits of the compound species involved have not been 
worked out. 

Cyperaceae. 

This family provides perhaps the most difficult taxonomic task in the 
flora — the analysis of the genus Uzicinia, This will be clear to any one who 
has attempted to name specimens from the keys provided by Cheeseman 
(25, p. 243) and Kiikenthal (55, p. 57), Our treatment is only a first 
approximation, but it suffices to show that only in the light of hybridization 
and after very full field study can the genus be brought into order. 
Hybridism is rife in CarexdlsOj and probably the situation is more complex 
than our list shows. 

75. Car ex appressa x secia. D. 

C. appressa is very local, but sometimes grows in company with 
C secta^ and intermediates have been collected. 

76. C. comans x pidchella. 

The two species are closely related. 

77. C. dissita x Lambertiana. 

Though related the species are quite distinct and the hybrids easily 
recognizable. 

78. C, dissita X Solandri. 

79. C Gatidichatcdiana x subdola, 

80. Gatidichaudiana x ternaria. 

81. C. inversax resec tans, D. ' 

The two are very closely allied, and might better be treated as forming 
a compound species. ' v'-" 
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83. C. Kirkiixirackyearpa, D. 

The two grow together on the Mount Arthur Plateau, South Island, 
whence Clieeseman collected the varieties memhranacea and elatior of 
C^Kirkii, Herbarium evidence suggests that a hybrid swarm occurs there» 
It is probable, also, that C, Kirkii hybridizes with other species in the 
soiitherii part of its range, to produce part of the ' exceeding' variability 
spoken of by Cheeseman ( 25 , p. 

83. £ 7 . Lambertiana x SolandrL 

84. C. lucida X iestacea^ 

85. C. Petrieixwakatipu, 

86. C, subdola x iernaria, 

87. C. sectaxvirgaia, 

88. Eleocharis acniax sphacelata, D. 

The two species differ widely, but Allan has observed intermediate 
forms in one locality where the two grow in company, 

89. Schoenus concimms x nitens. 

90. Scirpus an tare tic ns x ancklandictis. 

Part of the difficulty referred to by Cheeseman ( 25 , p. 221) in dis- 
tinguishing among S. antarcticus^ S. aucklandictis and S. cerntms^ is 
certainly due to the fact that the species hybridize together. 

91. S. aucklandictis xcermms^ 

9 a. .S', immdatus x sulcatns. 

While the species are amply distinct and are often met with in the 
pure state, they hybridize very readily. Cheesenian's var. major of S. in- 
undatus may belong to the hybrid series. 

93. S. prolifer x sulcatus. 

S. prolifer is more local than S, sulcatus^ but where they meet a 
polymorphic series of hybrids usually occurs. See also Carse ( 23 ). 

Uncinia. 

Cheeseman ( 25 , p. 242) recognizes 14 species, with 14 described 
varieties. Kukenthal ( 55 , p. 57) gives 13 with 18 varieties. Neither refers 
to hybridism as a possible explanation of the bewildering polymorphy. 
The hybrid groups here suggested for the most part represent intermediate 
connecting links, which if not considered as hybrids would make the whole 
of the genus one huge Hnneon quite useless in the study of vegetation, 
Cockayne has been able to study the genus in the light of Kiikenthars 
determinations of the forms in his herbarium, now located in the herbarium 
of the Dominion Museum. He also had lengthy communications with 
Kukenthal on' the subject. 
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94« Uncinia Banksii x fiUformis, 

9 5, U. Baiihsii x riparia, 

96, U. caispitosa x filiformis. 

97, U. caespitosa xpurptirata, 

98, U. caespito sax riparia. 

99, U. caespitosax rupesiris. 

100, U. cempacta x divaricata. 

It is a moot point whether these two, and certain unnamed jordanons, 

should not be dealt with as one compound species. 

101, U. fetrtiginea X tmcinata. 

It is customary to unite these jordanons, or collection of jordanons, 
into a compound species, but the two are so distinct that they are more 
readity recognized in the field than almost any other species. 

102^. U. filiformis x uncinaia. 

103. U. riparia x rubra. 

104. riparia xuncinata, 

JUNCACEAE. 

Unpublished studies by Mr. V. D. Zotov^ of the New Zealand Plant 
Research Station, give very strong support to the list of Juncus hybrids 
here given, which is based in large part on his work. Cheeseman omits 
/, efftisus from the second edition of his Manual, and its occurrences 
certainly suggest that it is an introduced species only. It has not been 
observed to hybridize with any of the indigenous species. 

105. Jun€%s acutns X maritinius var. australiensis. 

J. acntus is abundantly naturalized in salt-meadows near Foxton, 
North Island, and forms a polymorphic swarm of hybrids with the 
indigenous var. of J. marithmis. Both species belong to Buchenau's sub- 
genus Junci ihalassii. 

106. J. caupiticiusxplanifolius. D. 

Mr. A. D. Beddic, as well as Zotov, has collected forms near 
Wellington that appear to be due to hybridism. 

107. y*. luxitrians xpolyanthemos. 

J. lusurians Col. is given as a synonym of J. polyanthemos by Cheese- 
man ( 25 ^ p. 295), but it is a very distinct jordanon superficially resembling 
J. effusus. Hybrids have been collected in several localities in North 
Island. 

J.mme-zelandiaexpusilla. 

The two species are very closely allied, and should perhaps be treated 
as jordanons of a compound species. -7 
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IC9, f. pallidus X polyanthenws, 

iio« y. pallidus X vaginatus, 

III. f pane for us x polyanthemos. D. 

It is certainly easy to collect intermediate life forms, but both species 
are compounds and the existing diversity requires further study, 

1 1 a, y. polyanthemos x vagina tus, 

Luztda. 

Cheeseman ( 25 , p. 301) says, ‘The Australian and New Zealand 
species are all very near to the protean Z. campestris^ and are so highly 
variable as to present an almost inextricable series of closely allied forms h 
He follows Buchenau in grouping the forms attributed to Z. campestris 
under seven varietal names, but remarks ‘intermediates between all of them 
are plentiful \ Although we are far from any complete understanding of 
the New Zealand species, field work has already shown that many forms 
are quite constant when growing alone, and are so distinct that they should 
be given the rank of species. 

X13. Lttmda anstralasica x crinita* 

114, L. ausiralasicaxfloribunda. 

X15, L, australasicaxmigrata. 

1 16. L. australasicaxpicta. 

1 17- Z, Cheesemaniix Colensou 

% 

Z. Cheesemanii occurs in company with Z. Colensoi and Z. puniila on 
the Saint Arnaud and other mountains in the north of South Island. The 
three species hybridize freely in any combination. The special characters 
of Z. Cheesemanii make its influence readily traceable in these swarms, 

1 18. Z. Cheesemaniix pumila, 

119. Z. Colensoi xptimila. 

120. Z. crinita x foribunda. 

I a I. L. crinita xmigrata. 

Z. micrantlm- 

The species is very Undefined. It appears probable that a series of 
inter-hybridizing jordanons occurs similar to that mentioned under No. 117. 

, ' Z . picta X uhpkyila. 

This cross is recognized by Buchenau (20, p. 76), who, however, treats 
L.uhphylla as a var. of Z. racemosa^ from which it is very distinct, and 
which occupies a very different habitat. Z. ulophylla almost certainly 
hybridizes with: other species of the ‘ campestris ' iinneon. ' 
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Liliaceae. 

123. A Stella Cockaynei x nervosa var. sylvestris. 

Swarms of this origin are common in numerous localities at the 
junction of the siibalpine and montane belts, where the forest-loving 
sylvestris meets the very distinct Cockaynei. A. Cockaynei apparently 
consists of a good many geographical jordanons, and some of these may 
ultimately be dealt with as separate species. Epharmony also plays no 
small part in the polymorphy of Astelia generally, thus adding to the 
difficulty of fixing the hybrid groups. 

ii^4. A. Cockaynei X Petriei, 

125. A. Cunninghamiix Solandri. 

136. A. lineai'isx Petriei. D. 

A. linearis has a wide range. Forms suggestive of hybridism with 
A. Petriei have been met with in the Southern Alps at about lat, 45^^, 
where both species are common. 

127. A. nivicola X Petriei. 

A. Petriei, where it occurs alone, is a well-marked jordanon, with 
characters separating it at once from its nearest ally A. Cockaynei. In the 
central and southern parts of the Southern Alps it meets occasionally the 
much smaller A. nivicola, and well-marked hybrid swarms occur. 

1 38, Cordyline australis x Banksii. ^ 

While undoubtedly hybrids between these species have been observed 
it is possible that hybrid swarms are more frequent than is supposed. 
Records of unusually large C. Banksii may be based on hybrid forms. 
Seed from a cultivated plant in the Sanatorium grounds, Rotorua, sown by 
Cockayne, produced a polymorphic progeny. 

129. C. atistralis X indivisa. 

A few examples of this group were observed by Allan on Mount 
Egmont, North Island. Certain hybrid forms are also in cultivation. 

130. C. australis Xpimiilio. 

Several Interesting and distinct forms of this group are known. The 
parents are strikingly different — C. australis is a large tuft-tree, C. pumilio 
is a dwarfed, almost stemless plant. One form has been named x C. Map 
thewsii by Carse (21). To apply this name to the whole group would be 
mischievous, especially as hybrids of this kind may come into cultivation 
and a distinct horticultural name would be needed for each distinct form. 

131. C.Fanksizx pumilio., 

Qnt form of the group has been named x C. Gibbingsae 
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133. Pkormium Colensoi x ienax. 

Both are liiineons of many forms. Where the two meet they usually 
produce a mdde range of hybrid forms, easily recognizable owing to the 
very distinct forms of the capsules of the parents — erect and blunt in 
tenax; long, twisted, and drooping in Cole^tsou The two have been 
artificially hybridized by Allan and Zotov. 

Orchidaceae. 

Probably intensive study would considerably increase the number of 
hybrid groups here recorded. The limited period in any one season for 
which many of the species are in good condition for examination adds to 
the difficulties of field study. 

3 ^ 33 ' Corysanthes micrantka x rottmdifolia. 

134* Cyriostylis oblofiga x rotundifolia. 

Cheeseman ( 25 , p. 356), who treats rottmdifolia as a variety of C. 
oblonga^ remarks, ‘ in several localities I have observed the two forms 
growing intermixed and gradually passing into each other ^ 

135. Earina auiumnalis x tnncronata. 

Hybrids between these two species are not uncommon. Possibly 
E. aestivalis is one form of this group. Though the flowering periods are 
given by Cheeseman ( 25 , p. 335) as distinct, they certainly overlap in many 
places. 

136. Pterostylis australis x Banksii, 

Cheeseman ( 2 ^, p. 35 ^) to the fact that the three species, 

australis, Banksti, and graminea, are linked together by intermediate forms, 
and field study has made it clear that this linkage is due to hybridism. 

137. P. australis x graminea. 

138. P. Banksiix gramme a. 

Thelymitra longifolia. 

T. longifolia as at present understood is a Hnneon, some of the 
jordanons of which have flowers of different colours. Probably the group 
contains several jordanons that should be given specific rank, 

3 . DICOTYLEDONES. 

Fagaceae. 

For full discussion of the astonishing extent of hybridism in Notho- 
fagus see Cockayne ( 32 ) and Cockayne and Atkinson ( 40 ), where the 
leaves of more than 100 hybrids are illustrated. 

1 39. Nothofagms cliffortioides X fuse a. 

The group is polymorphic in the extreme, and some hybrids bear 



19 


M^i/d Hybrids in the New Zealand Flora. 

leaf-characters absent in the parents. In some localities vast swarms occui's 
indeed j the hybrids present may outnumber the parental individuals. 
N. Blaifii (Kirk) Ckn. is a name applied to a very small portion of the 
group. 

140, N. cliff or tioides x Solandru 

The two species greatly resemble each other, so that it is not always 
easy to determine whether any particular individual is a hybrid or not. 
When, however, the two species grow in proximity there is an evident 
polymorphy, absent where only one of the species is present. 

141. N. cliff ortioides X tnmcata. 

The two species usually occupy different altitudinal belts, and hybrid 
swarms are local in distribution. Owing to the great resemblance between 
the leaves of N.fusca and N, tnmcata^ it is not easy to determine the 
parentage of herbarium specimens lacking definite details as to the species 
present. 

14a. Nffusca X Solandru 

As in many parts of the region the vertical distribution of the parents 
differs greatly, the swarms, though polymorphic enough, are quite local. 
The hybrids themselves greatly resemble those of the Solandri x truncata 
group. 

143. N, fuscax truncata. 

144. N. Solandri X truncata, 

N. apiculata (Col.) Ckn. is a name given to a very small portion of 
this group. The specimens in Colenso^s herbarium seem to have been 
collected from one tree. Both the species have a wide range in the lowland 
belt and hybrid swarms are common, the individuals of which much 
resemble those of cliffortioides x fusca. Forms with closely-toothed leaves 
much smaller than those of either parent are a highly interesting feature. 

Moraceae. 

145. Paratrophis microphyllaxopaca. 

Both parents are small bushy trees, but P. microphylla remains for 
many yeans a divaricating shrub. The hybrids show several intermediate 
life forms. P. opaca is a purely coastal tree, so that hybrid swarms appear 
•only near the coast. In the absence of the other, each shows no sign of 
' variability Allan (2) illustrates two forms. 

Santalaceae. 

146. Mida myrtifoliax salicifolia. , 

M. eticalyptoides A. Cunn. belongs to this group. 
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Loranthaceae. 

147. Ely Iran the flavida x Colensoi, D. 

E,Jlavida has orange-yellow flowers, while those of E, Colensoi are 
scarlet Forms of intermediate flower-colour (and leaf form) have been 
observed in Noihofagiis forest in the north of South Island. 

148. E> flavida Kietrapeiala, 

This hybrid group is far from common, but the individual hybrids are 
well marked. 

POLYGONACEAE, 

149. Mmhlenheckia australis x complexa. 

The group has been briefly discussed by Allan ( 5 ). In field studies 
the epharmony of both species must be taken into account. 

150. M. axillaris x complexa, 

M, axillaris is a mat -shrub, M, complexa epharmonically either a liane 
or a bolster-like shrub with densely inter-tangled branches. The hybrids, 
so far as we have observed, have the bolster form, but show distinctly a 
blending of other characters. 

151. M, axillaris xephedroides. 

M, imtricaitda Col. belongs to this group. M, ephedroides has the 
leaves reduced to scales in the adult, and the hybrids might easily be 
mistaken for permanent juvenile forms. 

152. Mn complexa x ephedroides. 

So far only one or two hybrids of this group have been noted. Usually 
the two species get little chance of crossing. 

Aizoaceae. 

153. Mesembryanthemum aequilateralexaustraU, D. 

M, aequilaterale is naturalized at Castle Point on the east coast of the 
North Island. It grows in company with the indigenous M. australe^ and 
there also occur a number of intermediate forms, not seen where Af. australc^ 
grows alone. 

Ranunculaceae. 

Clematis, 

The New Zealand species of this genus have been extensively culti- 
vated by Mr. S. Page, of Christchurch, who obtained plants from many 
parts of the region, and made numerous crossings. The hundreds of plants 
in his garden presented a striking polymorphy. His work showed how 
,, readily the species cross, but as the New Zealand species are dioecious no 
'/■realfy' decisive evidence . as ' to parentage can be secured without special 
'.precautions, V: 'k/ . ■ : 
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154. Clematis Colensoi x kexasepala. D. 

Usually the two species do not grow side by side, but the occurrence 
of intermediates when this happens is strongly suggestive of hybridism. 

155. C. kexasepala. 

But few examples have been observed, but these show clearly the 
result of the combination of the small yellow flowers of foetida with the 
larger white ones of kexasepala. 

156. C. kexasepala x indivisa. 

The two species do not usually grow together, so the occurrence of 
hybrids Is infrequent, 

Rantmcuhis. 

A number of well-marked hybrid groups have already been distin- 
guished in this genus, which should provide excellent material for detailed 
studies. Wall ( 61 ) has described a single remarkable plant to which he 
gives the name R. knitensis. He ascribes to it the oiigm R. ckor dor ki^os x 
Monroi var. deniatas. There is little doubt that this view is correct. 

157. Ranunctdtts Buchananix LyalliL 

For a description of the group see Allan ( 5 ). 

R. Mattkeivsii Cheesem. v/as described from a few specimens belong- 
ing to this group. This hybrid group affords a beautiful example of 
extensive hybridism over a limited area when a species of wide range 
meets one of much more restricted distribution. It was only on the dis- 
covery of such swarms that there became reason to dispute the status of 
R. M atthewsii. 

158. R. Buchanan ix Sco T ho ms on ii. 

See Allan ( 5 ), R. Scott-Tkoinsonii is a rare species confined to H'oek- 
slides’, while the wider-ranging R. Buchauani is a plant of rock-cliffs. 
The hybrids mainly occur on the more stable debris between the two 
habitats, 

1 59. R. Btichanani x Simpsoniu 

Cockayne had one or two of these hybrids in cultivation more than 
forty years ago, Cheesenian, who saw dried specimens only, considered 
them (the colour of the flowers being lost) glabrous forms of R. serico- 
phylhis^ a plant which does not occur in the mountains whence Cockayne^s 
specimens were secured. 

160. R, depressusxrivularis. 

R, Enysii. 

R. Enysii Kirk was described from specimens collected in the Castle 
;Hill Basin (Eastern South Island). What there occurs is a series of un- 
resolved jordanons and hybrids. The complexity is added to by tfe 
presence of forms of R. Monroi and R. geraniifolms^ or a related spedes^ 
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Hence Enysii, as seen in herbaria, includes diverse forms of uncertain 
status. 

idi. RAoliosusxlappaceiis sens. lat. 

1 6 2 0 i? . gerani ifolius x Monroi, 

The two parents differ greatly, and the hybrids are readily recogniz- 
able. So far they have been collected only by Allan on Mount Trovatore, 
North-west Nelson, South Island. 

163. R, geraniifolius xnivicola. D. 

The two occasionally meet, but owing to the polymorphyof R.geranii- 
folius this hybrid group is suspected rather than known. 

164. R, geraniifolius x veriicillatus* 

It was the recognition of the hybrids as such that lead to the conclu- 
sion, contrary to Cheeseman’s opinion, that R, verticillatus is a valid 
species. 

165. R, gracilipes x SinclairiL 

The two are rather jordanons of a compound species than true simple 
species. 

166. R, lappaceus sens. lat. x muUiscapus, 

We include in this group a polymorphic series of forms that links up 
the two parents, the first-named of which is itself a compound species. 

iSy R. macropus xrivularis, D. 

Both are aquatic or semi-aquatic species, and both epharmone greatly. 
Without experiment hybridism can only be suspected. 

168, i?. sericophyllus x SinipsofiiL 

R. Simpsonii has hitherto been merged with R, sericophyllus, sIxicq the 
crossing of the two produces a whole series of forms ranging from the 
villous sericophyllus to the glabrous Simpsonii R, Baughani Petrie 
possibly belongs to the hybrid group. We base the above on observations 
made by Messrs. Simpson and Scott-Thomson. We know R, sericophyllus 
as a well-defined jordanon growing on consolidated stony debris in the 
central and northern parts of the Southern Alps, where Simpsonii does not 
occur, 

WiNTERACEAE. 

169. Wintera axillaris x color ata. 

It is possible that W. color ata consists of a northern and a southern 
(s^uth , bf ' lat. 40*^) jordanon. If so, it is the northern jordanon only that 
is concerned in this common cross., 

4. 'V'V' ‘ ■ ■ . 
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Cruciferae. 

170. Car damme heterophylla x miiflora^ 

These hybrids seem to occur chiefly on the southern coast of South 

Island j where C* uniflora is a common species. 

171. Lepidium matauxkazvarau. D. 

We have seen these species growing together in one locality, and 
intermediates were present. Further study is required to substantiate the 
group. 

172. Pachycladon glahrum x novae^zelandiae. 

The two jordanons are so close that they should be treated as forming 
a compound species. We list the group to emphasize the fact that the one 
' passes insensibly’ ( 25 , p. 469) into the other owing to hybridism and not 
to epharmony. 

Droseraceae. 

173. Drosera Archiriy. stenopetala, D. 

This and the following are based on observations by Allan on the 
Ruahine Mountains, North Island. Further study is desirable. 

1 74. D, spathulata x stenopetala. D. 

Escalloniaceae. 

1 75. Quintinia acutifolia x serrata. 

Q, serrata is found only in North Island. So far as we have observed 
the ‘ numerous intermediates ’ ( 25 , p. 484) of Q. acutifolia are only known 
from the same island. In South Island, in the forests to the west of the 
Southern Alps, Q. actiiifolia frequently forms a large part of the under- 
growth and is apparently quite constant. 

Pittosporaceae. 

176. Pitfosporum Colensoixtenuifolium. 

It will take many years of critical garden experiments before this 
group is well understood. Both Colensoi and temdfolium are complicated 
linneons. A step in the right direction has been the bringing together of 
many distinct forms of P. temdfolium into the Wellington Open Air 
Museum. 

How great the polymorphy in Pittospormn can be is shown by a hedge 
in the Open Air Museum, hardly an3^ two plants being alike. Mr. Beddie 
of Petone,near Wellington, sent to Cockayne dozens of different-looking 
plants, collected In an indigenous-induced community, composed largely of 
the so-called species temdfolium. The various forms fall into different 
categories, with the rough general distinction of a flat-leaved and a waved- 
leaved group. Some of these would have been referred in a herbarium to 
that most problematic of species P. 
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177. P. crassifoUumxtemdfoliimt. D. 

This cross is quite common in cultivation, but we lack definite field 
information as to its occurrence in nature. 

178, P. divaricatiimxrigidnm. D. 

We suggest this on the basis of herbarium material from the north- 
eastern part of South Island, but in the absence of field observations there 
remains some doubt. 

3 79 . P, ellipticiim x temdfolmm* D. 

P. intermedium Kirk, known only from one plant, may be of this 
origin. 

I tSo. P. eugenioides x tentdfolium. D. 

Mrs. Martin considers that undoubtedly hybrid forms occur near 
Wellington, and that they are recognizable, inter alia, from carrying the 
characteristic scent of the leaves of P . eugenioides (popularly called Lemon- 
wood). It should be easy to establish the group, as the inflorescences and 
flower-colour are so different in the two species. 

1 81. P. fascicidatum x ienuifolmm. 

The status of P. fasciciilaittm^ however, is itself in doubt ; it belongs 
to the tenuifolimn linneon spoken of under No. 176. 

183. P. pimeleoidesY.reflexiivi. 

The parent species are confined to Kauri forest, and, when they occur 
together, as is frequently the case, typical polymorphic hybrid swarms are 
well represented. 

CUNONIACEAE. 

183. Weinmannia racemosax syhncola. D. 

Observations are much required at the line where the southern 
W. racemosa meets the northern W. sylvicola. Our knowledge is in- 
sufficient to state definitely whether hybrids occur or not. In field studies 
the adults must be the special object of attention — ^the leaves of the adult 
plant are 3-foliolate in sylvicola — i~foliolate in racemosa. 

Rosaceae. 

Acaena. 

The first definite recognition of the occurrence of hybridism in the 
New Zealand Flora was the record of Buchanan ( 18 ) of the crossing of 
the Australian A. ovina with the indigenous A. Sanguisorhae. Bitter 
( 16 , p. 297) described several hybrids between New Zealand species, but 
the material was collected in various European gardens. It is now known 
that hybridism is prevalent in wild communities, and our list gives a 
prelimmary treatment' merely.' The sowing of seeds of suspected hybrids^ 
has always in our experience produced diverse offspring quite resembling 
forms occurring in nature., • ^ ^ 
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184. Acaena Buchanani x microphylla. 

This is one of the many cases where a species of limited distribution 

(A. Btichanani) is overlapped by one of far wider range, and in the over- 
lapped area occur large hybrid swarms. 

185. A. depressay, novae- celandine. 

Fine swarms occur on dunes bordering Foveaux Strait; whether the 
jordanon concerned is really A. depressa Kirk we are not sure. 

186. A, glabra x Sanguisorbae var. pilosa. 

A. glabra is almost confined to stony debris slopes (‘ shingle-slips') of 
high mountains, but occasionally gets a footing on more stable ground near 
the margins of the moving debris. Meeting there A. Sanguisorbae 
pilosa it hybridizes — the hybrids, easily recognizable by the fruiting heads, 
being no longer absolutely without hooked spines. 

187. A. inermzs x microphylla. 

A. microphylla has hooked spines on the calyces, A. inermis is spine- 
less ; in the hybrids there is every transition from the spineless to the 
hooked spiny state. The swarms are widespread and of great diversity, 

188. A, inermis y, Sanguisorbae, 

A, crosses with several jordanons of Sanguisorbae^ and swarms 

are widespread. Seeds sown from a hybrid with vrv, pilosa produced many 
forms similar to those found in nature. 

189. A, microphylla X Sanguisorbae, 

This is another widespread group. 

1 90. A, novae- selandiae x ovina. 

Here the cross is between an indigenous and an exotic species that is 
common in many parts of the region. 

1 91. A, novae-sclandiae X Sanguisorbae, 

The red colour of the spines of A, novae-selandiae is reduced in the 
hybrids by all stages up to its complete absence. Swarms with the var. 
pusilla of Saziguisorbae are especially common. 

192. A, ovina x microphylla. 

The species do not often meet, and hybrid swarms have only rarely 
been observed. 

193. A,, ovina x Sanguisorbae, 

Hybrid groups are known between A, ovina and the vars. pusilla and 
viridior of Sanguisorbae, As for var. viridior, a very distinct jordanon, 
we have never seen, curiously enough, hybrids between it and var. pusilla^ 
though both often grow in close proximity. 

1 94. A . Sanguisorbae var, pusilla x var. pilosa. 

So very distinct are the varieties' in question, that the cross 'deserves; ' 
mention. Many taxonomists would give them specific rank. ; . , 
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195. A, Sa 7 !gtiisorbae vd.T. pilosaxwSLV. sericei-nitens. 

The same remarks apply as in 194. The group has its headquarters 
in the southern part of South Island. 

Rubus. 

Examination of the types of the New Zealand species by Allan has 
revealed that for the most part the names have been incorrectly applied by 
local botanistSj but here we retain the traditional usage as given by 
Cheeseman (25 , p. 499). The species do not appear to hybridize very 
freely, and the hybrid forms so far observed are rare and local. They 
appear to be vegetatively vigorous, but highly sterile. All the species are 
dioecious, 

196. Ruhus australis x parvus, 

R, australis j in one or other of its jordanons, ranges throughout the 
main islands, but R, parvus is confined to the western side “of South Island. 
The two are extremely distinct in life form. R, parvus is a creeping and 
rooting mat-plant with i-foHolate leaves and solitary flowers; R. australis 
is a large, high-climbing llane, with 3- 5-foliolate leaves and large panicles. 
In 1898 a single hybrid plant was discovered by the late Mr. S. D. Barker. 
This exceedingly handsome hybrid is now cultivated in many gardens, 
all the plants having descended by vegetative propagation from the 
original wild plant. Only twice since then have plants been observed to 
flower. For further discussion of xR. Barkeri see Cockayne (26), and 
Allan (7), More recently another form was discovered by Dr. W. Mackay 
of Greymouth. This has a considerable resemblance to R. Barkeri^ but 
flowers and fruits regularly. 

197. R. cissoides X sckmiddioides, D. 

The late Mr. Carse collected specimens that he doubtfully attributed 
to this origin. 

1 98. R, parvus x schmidclioides var. color atus, 

Allan (7, 10), has raised an artificial cross of this parentage. The 
plants are almost exactly identical with ones that we believe to have been 
found wild, and for which prior to the cross we had assigned the origin here 
stated. 

199. R, sclmiidelioides var. coloratus x siibpaupcratus . 

We here apply the name coloratus^ perhaps incorrectly, to a jordanon 
common in the montane belt of South Island closely related to R, sub- 
pauperatus \ indeed, it is best to consider it a broad-leaved variety of that 
well-marked species. 

Leguminosae. 

200. Carmichadia Monroi x subidata. D. 

We place here certain plants that bear a close resemblance to the 
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rigid-stemmed, dwarf C. Monroi^ but are of considerably greater stature. 
One of these was labelled C. Immilis in a collection of dried specimens 
given by Petrie to Cockayne. 

201. C, robustax subulata, D. 

There appear to be many forms which come more or less midway 
between C. snbulata and a form of C. robusta common in certain parts of 
the central montane belt of the eastern ranges of the Southern Alps. 

202. Edwardsia chathamica x micropkylla, D. 

E. chathamica^ or a very closely related jordanon, occurs on the 
mainland as well as on Chatham Island. It differs from E. microphylla in 
the much less divaricating juvenile form, and in other characters, but appears 
to hybridize with it. 

203. E. chathamica x ietraptera. D. 

E, tetraptera is confined to the East Cape botanical district of North 
Island, but on its margins meets the mainland form of E. chathamica and 
appears to hybridize with it. Whether this be so or not, it is certain that 
there are many distinct forms of Edivardsia that cannot be referred to any 
of the described species. Some of these, doubtless, are jordanons, but it is 
likely that there are also several hybrid groups. 

204. E. microphylla x pro strata. 

A considerable range of forms is produced by this cross, some of which 
have been brought into cultivation. Although the usual habitat of E. 
prostrata^ dry stony or rocky ground, exposed to much sun and wind, 
certainly has some influence on the stature of individuals, Cockayne found 
that the species comes true from seed. 

Geraniaceae. 

205. Geranium dissectum var. glabratum xpilosum. 

This is given on the authority of Carse, who paid much attention to 
the group, and is supported by the series of specimens collected by him. 

Linaceae. 

206. Lmum marginale x monogynum. D. 

Z. marginale is a blue-flowered species introduced from Australia, It 
sometimes is found in association with the white-flowered indigenous 
momgymm. In such a community Allan has observed individuals with 
variously flecked flowers. But there is a jordanon of Z, momgynum with 
blue-striped flowers, occurring on Chatham Island and to a limited extent 
near Cook Strait. Until progeny, have been secured no certainty can be 
arrived at 
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Rutaceae, 

207. Melkopc simplex x ternata. 

LL Mantellii Buch. forms part of this group, for an account of which 
see Allan (2). The hybrids show a complete range from the bushy tree 
form of M. ternata to the divaricating shrub form of M. simplex. Since 
M. Mantellii was applied to a few forms quite midway between the 
parents, it seems to us wrong to extend that name to cover the whole 
group. 


CORIARIACEAE. 

The genus Coriafia was early famous in New Zealand botany for the 
multiplicity of forms existing. A good deal of work has been accom- 
plished in analyzing the group in the light of hybridism, but much field 
and cultural work yet remains before a thorough understanding of the 
jordanons involved can be reached. To take one example — no species in 
the flora seems better marked than the tall woody C, arborea^ but it is 
quite possible that the truly herbaceous C, sarmentosa^ the above-ground 
parts of which die to the ground yearly, may be merely a plant that will 
not tolerate much frost, and that were such absent it would develop a 
permanent erect main stem. Until experiments have been made no certain 
conclusions can be drawn. 

208. Coriaria angustissima x lurida. 

C. hirida as used by us refers to a compound species containing 
several distinct jordanons. Whether C. lurida Kirk refers to a jordaiion or 
a hybrid cannot be determined from the material available — a dried 
specimen in Kirk^s herbarium. The specimen is certainly very close in 
appearance to what we consider from field evidence to be a jordanon. 

sijog. C. angustissima x sarmentosa. 

The swarms are large and the polymorphy very great. See Allan (8). 
;^io. C. arbor eax lurida. 

The Mount Egmont jordanon referred to by Allan (8) to C, sarmeutosa 
should rather be placed under C, arboreal treating that as a compound 
species. Some of the hybrids between C, arborea and C, lurida var. 
undulata are illustrated by Allan (IS). 

21 1, C, arborea xsarmentosa, D. 

As shown above, cultural experiments are required in order to define the 
range of epharmonic plasticity of these species. 

CAuridax sarmentosa. 

■xGjarlurida Ckh. et Allan. 
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Elaeocarpaceae. 

213, Aristotelia frniicosax serrata. 

The group is discussed by Allan (8). A. Colcnsoi Hook, f.j as the 
type material shows, was based on specimens without flowers approaching 
rather closely the s errata parent. The group is very large and highly 
polymorphic. The only confusion that can arise is owing to the great 
resemblance of some forms of juvenile A. fruticosa to some of the hybrid 
forms. It is interesting to note that at one point within the range of these 
two species a river valley rather more than a mile wide, at the junction of 
a very wet and a moderately dry climate, separates an area, where A. 
fruticosa alone grows, from a forest that contains both species together with 
dozens of different hybrids. 

214. Elaeocarpus den tains x Hookerianus. 

Our knowledge of this group is due to the painstaking work of 
Mr. A. D. Beddie, who has collected a number of interesting forms from 
swarms in the southern part of North Island. 

Mr. Beddie points out that Plate No. 12, in Kirk s Forest Flora, which 
is labelled ^ Elaeocarpus Hookeidanus, young state is not at all like the 
juvenile of that species, but matches closely one of the wild hybrids, 

Malvaceae. 

21 S’ Hokeria angusiifoliaxLyallii. 

The first specimens collected w^ere described as Gaya Allanii by 
Cockayne ( 36 ), only a few examples being discovered. Later a swarm was 
discovered by Allan, revealing that G. Allanii was only one member of 
a polymorphic group. The two species belong to different sections of 
the genus, one of which has been referred to no less than three different 
genera. Thus the cross is almost intergeneric, 

a 1 6. H. angustifoliax sexstylosa. 

The two species have similar habitat requirements, frequently meet, 
and produce very polymorphic swarms* See Allan ( 4 ). 

a 1 7. Plagianihus betulinus x divaricatus. 

P. cymosus Kirk was based ( 54 , p. 71) on ‘very limited’ material 
taken from a cultivated plant, and in the absence of ‘intermediates’ 
hybridism was not suspected. Subsequent examination showed that where 
the species meet great swarms occur — see Cockayne and Allan ( 36 ), The 
group is especially interesting owing to the extreme diversity of the 
parents in life form and habitat requirements. P, be iulinns is a tall, 
deciduous canopy tree of lowland forest, P. dimricatus a divaricating 
twiggy shrub of salt swamp. Only where a tidal river invades lowland 
forest can 'the two species meet. 
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P. chathamicax divaricata. 

Specimens of this cross collected by Mr. W. Martin, and others by 
Mr. K. W. Dalrymple, in Chatham Island, would by a systematist not 
recognizing wild hybridism be placed under P. eymosus Kirk. 

Viol ACE AE. 

:3T9. Hymenanihera crassifolia x obovata. 

For a discussion see Allan (8). 

220. Melicyius lanceolaius xramiflorus. 

See Allan (9). 

22 j. M. micrantims V 3 .\\ longiusctdusxvdiV. micivphyllus. 

The var. microphylhis is a very distinct jordanon ; the limits of 
longitiscidzis are vague, and certain forms placed under that name may 
really be microphylhis x ramiflortis. 

Thymelaeaceae. 

222. Drapetes Dieffenbachii x villosa. 

The polymorphy of the two species is badly known, hence the status 
of many forms found in herbaria is not clear. 

223. Pimelea arenariax prostrata, D. 

P, arenaria is a sand-dune species, and sometimes meets a sand- 
hollow jordanon of the polymorphic P. prostrata. Forms suggestive of 
hybridism have been observed, but the tw’o species do not appear to cross 
readily, so that breeding tests of the supposed hybrids are needed. 

224. P,%aridula xprostrata. D. 

There appear to be in various localities a good many intermediate 
forms requiring investigation. 

225. PAuxifoliaxprostraia, D. 

226. P, Gnidiaxlongifolia. 

Cheesemans P. Gnidia . pulchella is almost certainly a form of this 
group. In one locality in the north-west of South Island where forest has 
been burned a huge swarm of these hybrids, together with the parents and 
a great number of Hebe hybrids, are now in evidence. 

227. P,Gnidiax prostrata, D. 

Carse collected specimens that possibly come here. 

228. PA'^'ostrataxLyalliL 

The species grow together on the shores of Foveaux Strait, and these 
hybrid forms are common, showing considerable diversity among themselves. 
We limit jP. LyalUi to one or more coastal jordanons. 
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P. prosiraia xpsetido-LyallU. 

Under the name fseudo-Lyallii we place that mixture of alpine and 
subalpine jordanoos included by Cheeseman with the coastal P. Lyallii 
Hook, £ The group is thus not yet well defined. 

230. P. pro strata x sericeo-villosa. 

Hybrids between these extremely distinct species, a mat-plant 
{prostrata) and a small hairy cushion {sericeo-villosa)^ are readily recog- 
nizable in the field. 
iS3i. P.prostrataxTraversii, D. 


Myrtaceae. 


Leptospermum. 

The polymorphy in Leptospermum is extreme and renders detailed 
taxonomic study of the genus very difficult, although the two compound 
species Z. ericoides and Z. scoparinm are quite distinct from each other. 
In many parts of the region communities of Z. scoparinm possibly contain 
nothing but hybrids, the jordanons being swamped out. 

233. Z. ericoides X lineatum. 

We have noted these hybrids on sand dunes in the far north of North 
Island, where Z. lineatum is a common and well-marked species. 

233. Z. ericoides X scoparinm. D. 

The two species are so ultra-polymorphic that it is impossible 
certainly to ascribe hybridism to the intermediate forms seen without 
crossing experiments. 

234. Metrosideros Colens oi x Jiypericifolia. 

M. Colensoif though of fairly wide range, is extremely local, so that 
hybrids are not common. 

235. iZ rohista x tomentosa. 

Carse ( 21 ) published x M. subiomentosa with a composite description 
based on three individuals differing in certain details. Oliver ( 57 ) points 
out that Kirk's var, intermedia of rohista was also based on a hybrid 
specimen. 

236. Myrtus hullata x obcordata. 

For details of the polymorphy pf this group, which includes if. Ralphii 
Hook. £5 see Cockayne ( 29 ) and Allan ( 11 ), In the latter paper it was 
shown? that seed from a single hybrid produced forms ranging all the way 
from forms indistinguishable from if. obcordata to some very close indeed 
to if. hullata. In some places large hybrid swarms have come into being 
after the destruction of forest. 
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Onagraceae. 

Focke (465 p. 162) refers to Epilobmm hybrids recognized by Hauss- 
knedit in New Zealand material, that were dealt with in the latter’s then 
unpublished monograph. Focke ( 46 , p. 165) also refers to polymorphy in 
the New Zealand Fucksiae. We are still far from an adequate knowledge 
of the extent of hybridism in Epilobmm, and the present list will certainly 
be amplified when detailed studies are made. 

237. Epilobmm Billardierianum x erecUmi. 

•238. E, Billardierianum x jtmceum. 

239. E. Billardierianum xpubens. 

240. E. chiona 7 ithum x erectum. 

24T. E. erectum x hirtigerum. 

242. E. erectum x junceum. 

243. E. erectum x pallidiflorum. 

244. E. glabellum x junceum. 

245. E, glabellum x novae-zelandiae. 

246. E. glabellum xpubens. 

Kirk’s E. perplexum ( 54 , p. 170) is probably in part based on this 
cross, but Cheeseman ( 25 , p. 607) places it under the very distinct E. 
chloraefolium. 

247. E. hirtigerum xjunceum. 

248. E.junceumx pallidiflorum. 

249. E, linnaeoides x rotundifolium. 

The two species very closely resemble each other, but occasion no 
difficulty in identification when growing apart. 

E. tasmanicum. 

This, so far as New Zealand material is concerned, is a name for a 
group of forms that have never been closely studied. There are probably 
several jordanons, some of which may be worthy of specific rank. 

250- Fuchsia excorticata xperscandens. 

See Allan ( 9 ) for a discussion of the group. An examination of the 
type specimens of F. Colensoi Hook. f. ^hows that it was based on hybrid 
material approaching perscandens parent. In the F. procnmbens covers 
at Kew are some floweidess pieces of the true F. perscandens, which is also 
represented in a sheet collected by A, Cunningham. The group is note- 
worthy since the cross is between a massive tree and a slender scrambling 
liane. In certain forests where the undergrowth has been destroyed by 
cattle are now large swarms of this group. 
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Araliaceae. 

251. Nothopanax anomalum x simplex. 

This groups and the status of N. parvimi Kirk, are discussed by 
Cockayne and Allan ( 36 ), and Allan ( 4 ). This supplies another example 
of hybrid swarms being increased through the destruction of forest, and 
more light being available, 

25 2 » arboreum x Colensoi, 

An important feature of this hybrid group is the transition in length 
of petiolules from the sessile {Colensoi) to the well-stalked {arboreum) 
condition, 

253. N, arboreum x laetum, 

N, laetum has very large leaves ; the hybrids show all sizes between 
the parents. 

2 54. N, arboreum x simplex. 

This has been observed in north-western South Island. Probably 
iV. Macintyrei Cheesem. belongs to this group. 

255. N, Colensoi X simplex. 

The known occurrences of this are few, in the north of South Island, 

256. N, Edgerleyi x Sinclair ii, D. 

Allan has noted certain intermediate forms on Mount Egmont, North 
Island, 

257. arboreum x Pseudopanax crassifolmm var. unifoliolatum, D. 

On Kapiti Island, off the west coast of Wellington, occurs a poly- 
morphic series of seedlings in many places in damaged forest where the 
species grow together ( 36 ). Mr. Beddie has found many forms near 
Wellington corresponding to those of Kapiti Island. 

258. Pseudopanax crassifolium x ferox, D. 

Mr. C. M. Smith collected a remai'kable juvenile form on the track to 
Preservation Inlet, west coast of South Island, which may belong to this 
cross, 

259. P. crassifolium x Lessonii, 

This is a group of considerable diversity. It may be that P* crassi- 
folium var. trifoliolatmn is one of the hybrids, Cockayne is greatly 
indebted to His Lordship Bishop Williams for studying the matter in the 
eastern part of North Island, and sending him many beautiful seedlings for 
cultivation, 

Umbelliferae. 

260. Aciphylla Colensoi x Scott-Thomsoniu 

According to Messrs, Simpson and Thomson hybrids between these 
specimens are not uncommon. ' '' 


D 
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A, Colensoix SimpsoniL 

We admit this group on the authority of Messrs, Simpson and 
Tlionison^ who have devoted close study to wild hybridSj and have culti- 
vated many in their gardens. 

262. A. conge sta x Ctit fiber tiana. D, 

263. A. conspictia x intermedia. 

Recent collections on the Tararua Mountains by Mr. N. Elder appear 
to put this group beyond doubt. 

264. A, crenulatax? conspictia. 

From Mr. R. M. Laing we have received a number of Aciphyllae that 
match no known species but come from the neighbourhood of Arthur's 
Pass, South Island, where the Aciphylla jordanons are fairly well known. 
Cockayne also collected there certain anomalous forms. That hybridism 
is more or less common in that locality seems assured, but whether we 
are here adopting the correct parentage remains to be proved. 

265. A. crenulaiax sitnilis. 

This is one of the groups referred to under No. 264. 

266. Angelica decipiens x montatta. 

Where these two species come together — a by no means common 
occurrence — polymorphic individuals occur, which are absent elsewhere. 
It may be that A. petrae a also crosses with A. Montana^ as the resulting 
forms would be closely similar to those mentioned. 

267. Angelica montana x trifoliolata. D. 

Specimens collected by Miss L. M. Cranwell in the type locality of 
A. trifoliolaia suggest hybridism strongly, but, as epharmony may be 
a partial explanation of the diversity shown, further examination is desir- 
able, 

268. Anisotome antipoda x latifolia. 

A. latifolia var. angustata Kirk comes into this group, which was 
studied in the field by Cockayne on the Lord Auckland Islands. 

269. A. aromatica x Haastii. D. 

On Arthur’s Pass there is a distinct form of Anisotome not so far seen 
elsewhere, which may be either an undescribed jordanon, or a hybrid (pre- 
sumably F^) as suggested above. An objection to the hybridization 
hypothesis is that similar forms have not been observed elsewhere, though 
the two species frequently meet 

A. capillifoliax Haastii. 

This is another example of a species of wide distribution {Haastii) 
meeting one of much more restricted limits. 



35 


Wild Hybrids in the New Zealand Flora. 

7 1 . A. Haastii x piiifera. 

Included in this group is A. pilifera yzx, pinnaiifida Kirk. The cross 
is not commony nor is great diversity shown in the hybrids. The fertility 
of Anisoiome crosses has not been tested. 

37 iS. Apium filiforme xprostratinn. 

A. jlliforme at times occurs inland far from the sea,, and in such cases 
hybrid forms are absent. Where the two meet on the coast hybrids are 
common. 

273. Hydrocoiyle dissectax eloiigata. 

This cross has so far been detected only in one locality in northern 
South Island, but the contrasting characters of the parents make the recog- 
nition of the hybrid forms easy. 

274. Oreomyrrhis Colensoi x ramosa. 

The two species are well marked and hybrids are not infrequent. 
There are probably other Oreomyrrhis hybrids, but the limits of some of 
the jordanons have not been clearly worked out. 

CORNCEAE. 

275. Cerokia huddleoidesx Cotoneaster. 

The group is briefly discussed by Allan ( 4 ). C, Cheesemanii Carse 
was described from a portion of a polymorphic series that Carse later recog- 
nized as a hybrid swarm. The two species only come together in a few 
localities and there alone the hybrids are found. 

Ericaceae. 

Gatdtheria, 

Kirk in 1873 (^‘^) suggested that G, fagifolia Hook. f. might be a 
hybrid, but even as late as 1925 Cheeseman ( 25 , p. 591) merely remarks 
* This appears to me a mere form of G. rupestris, verging towards G. oppo- 
sitifolia, or possibly a hybrid between the two plants k Since then it has 
been shown conclusively that hybridism is extremely common in the 
genus, and all the species are concerned. Sir Arthur Hill commenced 
a detailed study of the whole question while in New Zealand, and has 
since been supplied with a wealth of material from many localities. 

276. Ganltkeria antipodax oppositifolia. 

One jordanon of G, antipoda extends through the main islands. In 
the centre of North Island, where the surface soil is mainly pumice, it 
meets the beautiful C, opposiiifolia, and a wealth of polymorphic hybrids 
appears. Some examples bear on the same plant both the succulent 
calyces of antipoda and the dry ones of oppositifolia^ 

277. G. antipoda xperplexa. 

G^ antipoda is an erect, bushy, small shrub, with a capsular ftuif!;; 
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G.pirplexa is a spreading, prostrate shrub, with a berry»like fruit. In the 
hybrids all sorts of combinations of these characters are evident. 

278. G. antipodaxriipcsiris. 

G. rupestris occurs in several well-marked geographical jordanons, so 
that more than one hybrid group is represented by the formulae in which 
rupestris is included, 

279. G. depressaxperplexa. 

280* G. depress a x rupestris. 

The influence of the strongly swollen calyx of G, depressa is seen in 
many of the hybrids. 

281. G, oppositifoliax rupestris. 

The two do not often meet, but hybridize freely when they do, 

Epacridaceae. 

282. Dracophyllimt filifolimnxrecurvum. 

= D, arciiatum W. R. B. Oliv. 

The short recurved leaves of D. recurvum are very distinct from the 
long needle-like leaves of D.filifolium, while the life form of each is also 
very different, so that the hybrids are for the most part easily recognizable. 
Oliver ( 58 ) gives very short diagnoses for the hybrid groups named by 
him, but remarks ‘ it must be remembered that a series of hybrids between 
any two species may include forms grading into both parents \ 

283. D, filifoliumx subulatum, 

X D. vulcanicum W. R. B. OHv. 

284. D. Kirkiixpronum. 

= xX^. saxicolum W. R, B. Oliv. 

285. D, Kirkii x uniflorum. 

We have seen a fair number of these hybrids in the Arthur’s Pass 
area, the contrasting characters of the two parents make the hybrids readily 
recognizable. 

286. D. Lesso 7 danumxsquarrosum. 

= X X. densifiorum W, R. B. Oliv. 

287. D. Lessonianum x subulatum. 

= X D, marginatum W. R. B. Oliv. 

288. D. longifolium xpolitmn. 

We think that into this group comes D. Pearsoni Kirk, and that this 
may perhaps represent an hybrid. 

289. D. longifolium x prostratum. 

On the mountain bogs of the south of South Island several species of 
Dracophyllum often occur together, so that a confusing array of forms may 
be collected not at all easy to analyse. 
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290. Z). longifolmm x reciirvtiin, 

= X variiim W, R. B. OHv. 

291. Z). longifoliumy. scopariwn, 

~ xD, insnlare VV. R. B. OHv. 

292. D. longifolium x TraversiL 

Hybrids of this origin have been observed by Allan on Arthur’s Pass, 
and on the mountams near the Franz Josef and the Fox Glaciers. The 
hybrids were not plentiful, and had much the habit of Traversii with 
foliage much nearer to that of longifolimn. 

293. Z). longifolium x tmiflortim, 

Oliver (58), on the authority of Wall, who had studied the type 
specimen of Epacris rosmarinifolia Forst., considers Z>. uniflomm Hook. f. 
an absolute synonym. Allan has also seen Forsters type and agrees 
that it probably (it is a mere fragment) belongs to the same compound 
species as D, miiflorum Hook. f. But since Hooker’s type presents 
certain differences in detail, and is the form we know as crossing with 
Z>. longifolium we retain Hooker’s name in the meantime. Oliver (58) 
considers D. acicularifolium Ckn. to belong to the hybrid series and 
adopts this name for the group. No doubt some of the hybrids closely 
mimic D, acicularifolium and are included under that name in herbaria, 
but there is very strong field evidence that there is a jordanon correspond- 
ing to Cockayne’s conception of D, acictdarifolium^ a view recently con- 
firmed by Messrs. Simpson and Thomson. 

294. D, prostraium x uniflortmi. 

This is one of the groups found growing on the mountain bogs of the 
south of South Island already refen*ed to. 

Myrsinaceae. 

295. Sutionia australis x divaricata, 

A single example of this group was recently discovered by Miss M. 
Finlayson at Puerua in South Otago. This at once raised the question of 
the status of S, montana Hook, f. Miss L. M. Cranwell, Botanist at the 
Auckland Museum, on examining the material in Cheeseman’s and in 
Petrie’s herbaria, found that there was no constancy in the forms placed 
under S, montana. The whole series is strongly suggestive of the above 
hybrid group, and Myrsine neo-zealandensis appears to be one striking 
form of it. While hybridism cannot be certainly established from herbarium 
material that lacks adequate field notes, the fact that no one specimen 
matches another leaves but little doubt on the question. 
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Oleaceae. 

396. Ole a Cunninghamii x lanceolata. 

The species are common in the south of North Island, and hybrids 
appear to be not uncommon in damaged forest* 

Gentianaceae. 

Gentiana, 

Cheeseman ( 25 , p. 724) has well said of the genus in New Zealand, 
a bewildering multitude of closely allied forms, to arrange which systema- 
tically is a most perplexing task,* While the clue of hybridism will greatly 
help to solve the puzzles, it is also clear that epharmony plays a great 
part. The difficulty of coming to clear-cut decisions is greatly increased 
by the refusal of the species in general to be cultivated. To succeed with 
this two methods are available : (i) take up a small plant together with a 
large amount of soil and place this in a suitable spot in a well-constructed 
alpine garden ; (2) sow seed in situ in such a garden. 

297* Gentiana bellidifolia x corymbifcra, 

298, G. bellidifolia X divisa, 

299. GAellidifoliaxpatula, D. 

It may be that we have here a series of epharmones and not a hybrid 
group. We do not think anybody in a majority of cases can distinguish 
the one so-called species from the other. It may be done in herbaria, but 
we doubt if it can be done in the field. 

300, G. cerinax concmna. 

Any one who has visited the Lord Auckland Islands in summer should 
have little doubt as to the occurrence of this hybrid group, so varied in the 
colour of the flowers (crimson to almost white), 

301. G^ Grisebachiix bellidifolia, D. 

The limits oi G. Grisebachii are very vague. As the name is used by 
local botanists it ce,rtainly refers to a mixture of jordanons, epharmones, 
and hybrids. 


Apocynaceae, 

302. Parsonsia capsularis x heterophylla. 

See Allan ( 5 ). Both species are compound, the var. rosea of capsu- 
laris being especially well-marked, its hybrids showing varied colour forms. 
The status of Carse’s parvifoUa and grandiflora Ci P , capsnlaris is un- 
certain. ' ^ ^ 
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CONVOLVULACEAE. 

303. Calystegia Soldanella x iugnriorunt, D. 

Intermediates between the prostrate C, Soldanella and the climbing 
itignriorum are sometimes met with, but the case needs further study'. 

Boraginaceae. 

Myosotis australis. 

The name is applied to an un-analysed linneon containing white- 
flowered and yellow-flowered forms, none of which appear to be con- 
specific with the Tasmanian plant to which the name australis was first 
given. 

304. M. macrantha x Traversii. 

Particularly fine swarms of this group occur on abandoned stream-beds 
at the foot of Mount Sefton in the Mount Cook area. M. Traversii has 
lemon-yellow flowers, M. macrantha brownish-orange. The hybrids show 
a great range of colour, including deep bronze and white. 

M. pjgmaea. 

M.pygmaea is a polymorphic linneon, and until it is properly analysed 
the systematic status of its members cannot be estimated. 

SCROPHULARIACEAE. 

305. Euphrasia Cochayniana x revoluta. 

306. E. Cockayniana x zelandica. 

The two species are closely allied, but E. Cockayniana has bright 
yellow flowers, E. zelandica white. The hybrids show a range of colour- 
forms. 

307. E. cuncata x tricolor. D. 

The extent to which the intermediate forms are due to hybridism or 
to epharmony has not yet been worked out in the field, 

Hebe. 

Hooker ( 50 , p. 190) stated ‘the species hybridize with great facility 
but he referred rather to garden than to wild hybrids. Cheeseman ( 25 , 
p. 777) says ‘ several species hybridize so readily in cultivation that the 
supposition at once arises that natural hybrids may occur ^ He diagnoses 
eighty-six species. In our revisionary paper ( 38 ) we showed that at least 
twenty of these are hybrid groups or unresolved linneons. Here we list 
forty-three wild hybrid groups, and if we err, we feel that it is on the side 
of caution. 

^0%. Hebe Allaniixampkxicazdis. 

309. H. angustifoliaxleiophylla. 
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310. H. angustifoiiaxsalicifolia, 

= X angustisala Ckn. et Allan. 

Both parents are compounds B, salicifolia markedly so ; therefore 
several hybrid groups are included. xH. Simmo?isii Ckn. is one form of 
the group H. an gustifoliax salicifolia var. Atkinsomi, 

H , gracillima (Cheesetn.) Ckn. derives from H. angustifoliax salici- 
folia var. communis. 

311. H. Astoni X duxifolia. 

This group, characteristic of the forms produced when a ^ whipcord ’ 
Hebe crosses with one of the small-leaved species, is illustrated by Allan (9). 
The hybrids mimic rather closely the juvenile stage of H. Astoni^ and at 
one time were considered as persistent juveniles by Cockayne. 

312. H. A sioni x laevis. 

= X H. laevastoni Ckn. et Allan. 

The hybrids are similar to those of No. 311, and could hardly be dis- 
tinguished from such by means of herbarium specimens only. 

313. H. Btichanani X buxifolia, 

314. LL Buchan ani X pingiiifolia. 

Cheeseman’s var. major of H. Buchanani belongs to this group. 

315. H. buxifoliax Hectori, 

316. H. buxifoliax laevis. 

The species are closely allied, but the much denser and shorter 
inflorescences of the hybrids distinguish them from laevis. 

317. H. buxifoliax lycopodioides. 

H, cassinioides (Petrie) Ckn. is a form of this group. Petrie based his 
species on wild and cultivated plants, which probably belonged to different 
groups. Cockayne originally considered it a species with a persistent 
juvenile form. In New Zealand nurseries similar hybrids are being sold 
under the name H. Laingii — a distinct whipcord Hebe from Stewart 
Island not yet in cultivation. 

318. H. buxifoliax MeuBiesU. 

319. H. buxifoliax Scott-Thomsonii nov. ined. 

H. Scott-Tlmnsonii is found in the Otago Lake District, but as yet we 
have had no opportunity of describing it. 

320. H. buxifolia x tetragona, 

321 . H. buxifolia X vernicosa. 

322. H. chathamica x Dieffenbachii. 

323. H. Cookianax salicifolia, 

324. ' H, ' dasypkylla x tmiflora, ' ■ 
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3a5„ H. DieffenbachiixDorrieii-SmithiL 

Apparently all the species of Chatham Island except H.gigantca 
(a true tree) cross freely, and Hebe polymorphy is extreme. H. Dorrien- 
Smithii^ as at present understood, is undoubtedly a linneon. 

326. H. elliptica x salicifolia. 

= X 77 . cllipsala. Ckn. et Allan. 

A somewhat detailed stud}^ of a particular swarm belonging to this 
group has been given by Allan, Simpson, and Thomson (14). H. amahilis 
(Cheesem.) Ckn. and its var. blanda Cheesem. belong to a limited portion 
of the group. 

327. H. epacridea x Haastii. 

328. 77 . glaucophylla x leiophylla. 

329. H. glaucophylla r. TraversiL 

330. 77 . Haastii x macrocalyx. D. 

331. 77 . laevis X salicifolia. 

==: X 77 . laevisala Ckn. et Allan. 

77 . Carsei (Petrie) Ckn. is a mixture of forms belonging to this group. 

332. H. laevisxieiragona. 

Only a few forms of this group have been collected, but of their 
hybridity there can be no doubt. Some are in cultivation in the Wellington 
Open Air Museum. 

333. 77 . latisepala x macrocarpa. 

These show many flower-colours, from bright pink to white. 

334. 77 . leiophyllaxsalicifolia, 

= X . 77 . leiosala Ckn. et Allan. 

77 . Kirkii (J, B, Armstrong) Ckn. is a form of this group with 
77 . salicifolia var. connmmis as a parent. 

335. 77 . leiophyllax Traversn. 

336. 77 . ligustrifolia x salicifolia. 

337. 77 . macrocarpa X salicifolia. 

s= X 77 . macrosala Ckn. et Allan. 

Cheeseman^s var. affinis of 77 . macrocarpa belongs here. 

338. 77 . macroura x salicifolia. 

77 , divergens (Cheesem.) Ckn. is a form of the group. 

H. MenziesUx salicifolia. 

340. 77 . Menziesii x vernicosa. 

341. H. Montana xpinguifolia. 

Where 77 . Traversii^ H. Montana^ 2Xid H.finguifalia grow in close 
proximity hybrid swarms of the utmost complexity are formed/' The 
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relationships of \¥hicli cannot be unravelled without genetic study. A good 
many forms are in cultivation in the Wellington Open Air Museum. 

34a. H. mouiajm x Traversii. 

If. Montana is a name applied to several jordanons, so that the formula 
given refers to more than one hybrid group. 

343. H. obtusaia x macrocarpa. 

344. H. obtusata x salicifolia, 

X Veronica Bishopiana belongs to this group. See Allan (9). 

345. H. parviflora x salicifolia^ 

This and other groups are now being studied cytologically by Dr. O. li. 

Frankel. 

346. H. pimeleoides var. rtipesfris x salicifolia. 

One of the forms has been named H. Dartoni (Petrie) Ckn. 

347. H. ptibescens x salicifolia. 

A fine collection of this group was made by Mr. C. E. Christensen at 
Mercury Bay (east coast of North Island), proving definitely its hybrid 
origin. 

348. If. salicifolia x speciosa. 

The species seldom meet in nature, but hybrid forms have been 
observed by Allan in one locality on the west coast of North Island* A 
large series of garden hybrids has been raised by means of this cross. 

349. H. salicifolia x subalpma. 

350. H. salicifolia x Traversii. 

351. H. subalpma X WillcoxiL 

It is very probable that H. Willcoxii is a synonym of H. Cockayniana. 
35 Jovellana repens x Sinclair ii. 

353* Ourisia caespitosa x glandidosa. 

354. 0 . caespitosa xprorepcHs. 

355 * G. Cockaynianax prorepens. 

356. O. Coknsoi x macrophylla. 

0 . Coknsoi is a small, pilose species of much more restricted distribu- 
tion than the larger, more glabrous, O. macrophylla. In certain localities 
hybrids are common. 

357* Veronica diffusa x lanceolata. 

358. F. diffusa xLy aim. 

359. V. Lyallii x Hebe ? 

F. loganioides J. B. Armstr., collected by Armstrong in South Island, 
is a remarkable hybrid between a whipcord Hebe and Veronica LyalliL 
Without field study it is impossible to say what actual species of Hebe is 
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concerned. It has the habit of a whipcord Hebe cross with the capsule and 
flower of a Veronica, 


Plantaginaceae. 

360. Plantago Brozvnii x lanigera, 

361. P, Browfiiix spathulata, 

Rubiaceae. 

Coprosma, 

The flowering period is long drawn out in many species, and the 
flowering dates given in floras are approximate only, so that there is much 
more opportunity to cross than these indicate. 

362. Coprosma arbor ea x spathulata. 

363. C, arcolata x rotuzidifolia, 

364. C, Astonixpseudo-Colensoi, 

365. C. Astoni X foeiidissima, 

366. C, Colons oi X foeiidissima, 

C, Colensoi Hook, f., as shown by the type specimens, was based 
mainly on the jordanon named by Petrie C, JBanksii, The very different 
jordanon on which the C, Colensoi of Cheeseman’s Manual ( 25 , p. 873) is 
largely based is here named C, psendo-Colensoi, For a description of 
a swarm created by the meeting of C, Colensoi^ C, foeiidissima^ and C, pseudo- 
Colensoi see Allan ( 9 ). 

367. C, Colensoi Y. pseudo- Colensoi, 

368. C, crassifoliaxrigida, D. 

369. C, depressa x pseudo- ctmeaia, 

370. C, depressa x ramulosa, 

371. C, foeiidissima x lucid a, 

372. C, foeiidissima x pseudo- Colensoi, 

373. C, foeiidissima x pseudo-cuneata, 

3 74* C, graudifolia x lucida, 

375. C. grandifolia x robust a. 

376. C, grandifolia x tenuifolia, 

377. C, lucida X robust a, 

378. C, parvifloraxpropinqua, 

379. C. parvijloraxramtdosa, 

380. C, parmfloraxrigida. 

381. C, propinqua x robusta. 

For a discussion of the group see Allan ( 1 ). By crossing the two species 
Allan raised a diverse progeny, which matched the contents of fei large wiM; 
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swarm (Sj iis). Cockayne, by sowing seeds from a supposed hybridj pro- 
cured many plants which might well have been collected from a wild swarm. 

382. C. pseudo-ouneata x ramnlosa. 

383. C, rhamnoides x rotundifolia. D. 

384. C. roUmdifolia x termicaidis. 

Certain forms are described by Carse (23) under the name x C. gracili- 
cmdis. 

385. Nerte^'a CmminghamiiY.deprcssa. D. 

The two are closely allied. They occur together and apparently 
hybridize in the northern part of South Island. 

Caprifoltaceae. 

The single genus, Alseuosmia^ founded by A. Cunningham, is exceed- 
ingly polymorphic. Cunningham (41) created eight species to contain the 
assemblage of forms he collected. Later botanists recognize four only, but 
except for certain isolated jordanons, nothing definite is known about the 
status of these ‘species’. For a discussion see Allan (5). The hybrid 
groups listed by us must be accepted merely as a preliminary arrangement, 
based on herbarium material together with some knowledge of jordanons 
in parts of the region far distant from the centre of intense polymorphy 
(the northern part of North Island). 

386. Alseuosmta Banksii x linariifolia, 

387. A. Banksii xmacrophylla. 

388. A, Banksii X quercifolia. 

389. A. linariifolia x macrophylla, 

390. A. linariifolia X quercifolia. 

Campanulaceae. 

391. Praiia angulataxperpusilla. D. 

Specimens collected by Carse, and others by Zotov, give support to 
this group. P. perptisilla is rare, and the two species seldom come together. 
P. angulata is a very compound species; a number of the jordanons are in 
cultivation in the Wellington Open Air Museum. 

Walden bergia gracilis. 

This is a linneon badly needing study. The flowers range from a true 
blue to white, and the stature, woodiness, and form of leaves are very 
diverse in different forms. N. E. Brown (17) restricts the name to the 
type specimen from Forster’s herbarium which has not been exactly matched 
by any subsequently collected. Brown creates his IV. Coknsoi for various 
specimens that had been placed under W. gracilis. But the situation is 
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much more complex than this would indicate, and the whole group should 
be taken up aiiew„ 

Stylidiaceae. 

392 . Pkyllachne clavigera x Colensoi, D. 

COMFOSITAE. 

393 . B r achy come pinnata'x Sinclairii. D. 

B.pinnata is very distinct from some forms of B, Sinclairii^ but as 
Cheeseman puts it (25, p. 908) ‘some varieties of that plant approach it so 
closely as to be almost indistinguishableh We have little doubt that 
hybrids occur when the two meet, but in the absence of pinnata, Smclairii 
is still extremely polymorphic and needs detailed study. 

Cassmia, 

As with so many New Zealand genera, Cassinia is very imperfectly 
known, and C. lepiophylla^ C. Vauvilliersi, C.ftdvida^ as at present delimited, 
are linneons containing probably numerous jordanons. 

394. Cassinia albida x ftilvida var. montana. 

This and other Cassinia groups have probably greatly increased since 
the advent of man, through destruction of forest and through rough cultiva- 
tion on montane sheep runs. Thickets of Cassinia are common in many 
localities and show strong polymorphy. 

395. C. albida X Vauvilliersi, 

These hybrids are confined to the north-eastern parts of South Island. 
Though C, albida is not known to occur in the south of South Island certain 
hybrids there found look exactly as if it were one of the parents. Forms 
like C. albida also occur in the C. leptophylla series. 

396. C. amoena x retoria = x dT. amcenatorta Carse. 

C. amoena is confined to the extreme north of North Island, while 
C. retoria comes much farther south. See Carse (23). 

397/(7. fulvida var. monfanax Vauvilliersi. 

398 . C. retoria X Vauvilliersii. 

Carse collected undoubted specimens of this group, as of No, 396. 

399 . Celmisia argeniea x longifolia. 

Hybrids of this origin have been observed by Messrs. Simpson and 
Thomson on mountains near Dunedin, South Island. They closely mimic 
the group produced by No. 423. 

400 . C, Armstrongiixcoriacea. 

Did not the species (7. lanceclata breed true, it might well be regarded 
as one of these hybrids ; also C. coriacea is absent from the Longwood 
Range where dT, tanceolata was first noted. 
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401, C. Armstrongiix Lyalin. 

We restrict the name Lyallii to the jordanon so called by all local 
botanistSj tlioiigli Hooker included under his species specimens of the very 
distinct jordanon later named C. Petriei. 

402, C. Armstrongiiy. Petriei. 

403, C. Armstroiigiiy. spectabilis. 

404, C. Bonplandii x DuR ieizii. 

We are proposing the name DuRietzii for that group of jordanons 
known to local botanists as C. Sinclairii, Hooker’s Sinclairii was based 
on specimens that differ among themselves, and have not been matched in 
any subsequent collections, 

405, C. brevifolia x ramulosa. 

406, C. brevifolia X Walkeri. 

407, C. camphellensis X tmmicosa. 

408, C. coriacea x longifolia. 

Certain forms of this cross are remarkable mimics of C. Morgani 
Cheesem.5 so much so that w^e were persuaded that C. Morgani ihtlonged to 
this hybrid group. A study by Allan of the two localities whence 
C. Morgani was obtained showed, however, that that was a good jordanon, 
although epharmoning greatly according to habitat, and that the suspected 
parents were not present— a good example of the danger of basing taxonomic 
views purely on herbarium evidence ! 

409, C. coriacea x Lyallii. 

410, C. coriacea x petiola ta . 

41 1 , C. coriacea x Petriei. 

41 C. coriacea X spectabilis. 

X C. Chris tensenii Ckn. and C. Boweafia Petrie both belong to this 

group. 

413. C. coriacea X Traversii. 

X C. Morrisonii Ckn. belongs to this group, which contains a number 
of handsome forms. 

414. C. coriacea x verbascifolia. 

415.. C. densiflora xprorepens. 

416. C discolor x DuRietziu 

Both ^ species’ are very compound, and offer great difficulties in classi- 
fication that can only be overcome by much field and cultural study, 

C.discolorxmcana. 

;4r8. C. discolor x WalkerL 
\^4’^%^^^C.BMRiet$itxincaf%a, 
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4'ao, C. Haasiii x Hcctori. 

C. Popelwellii Petrie probably belongs to this group. 

421. C. hieracifolia X oblonga. 

422. C. longifolia x Mo^iroL 

423. { 7 . longifolia x sessiliflord. 

Many forms attributed to C. linearis Armst are members of this group. 

424. C. longifolia x spcctahths. 

425. C longifolia x verbascifolia, 

426. C* Lyalin X Petriei. 

427. C. Lyalin xspcctabilis. 

All the known examples of this cross are so alike^ apparently being 
sterile that for long they were regarded as forming a ‘good' species — 
C. psetido^LyaUii. Field studies of distribution leave no doubt as to the 
hybridity of the forms concerned. A number of other of the Celmisia 
crosses have a comparable uniformity. How far apogamy plays a part has 
not been tested, 

428. C. Lyalin xviscosa, D. 

The two come together fairly often^ but only rarely have intermediate 
forms been observed. 

429. C. petiolata x spectabilis. 

C. la^iigera Petrie and C. mollis Ckn. belong to this group. 

43c. C. petiolata x verbascifolia. 

431. C. spectabilis x Traversil. 

432. Cotnla dioica x pulckella. 

433. P lanata xphimosa. 

434. C. obsciira xpulckella. 

435. Q pectinatax sericea, 

436. C. pulckellaxTrailiL 

437 “ Craspedia incana sp. nov. ined. xunijlora. 

The New Zealand species of Craspedia remain in a very confused state. 
The very distinct jordanon we are here calling C. incana is a snow-white, 
intensely woolly plant confined to unstable alpine or subalpine fields of 
stony debris. Near the margins of such screes, where the ground has 
become stable, forms of the linneon C, unijiora may be found, along with 
various hybrid intermediates. C. incana has been placed under the 
Tasmanian C dipina Backh., but is certainly not that species, which is, 
however, very close to the New Zealand forms originally placed by 
Hooker as var, lanata of C. uniflora. 

438, Erechtites argutaxquadridentata. 
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439. E. glabreseens xpr€ 7 tanihoides. D. 

On forest margins in western South Island, forms occur, in the 
presence of the two species, that suggest hybridism, 

440. Ewartia Sinclairii x Helichrysum bellidioides, D. 

The only example so far met with was described by Cockayne as 
Helichrysum Foimrakeri^ who remarked that its resemblance to the above 
two species hinted at hybridism. So far Mr. W. Martin, who is studying 
the high mountain flora of the locality whence the specimens came, has not 
rediscovered this hybrid. 

441. Gnaphalium keriense x Lyallii. 

442. G. keriense x suhrigidum. 

The group has been discussed by Allan (11). 

443. {r. hiteo-album x ptirpnrewn, 

G, purpuremn is an introduced species, common in North Island. A 
swarm of hybrids was discovered by Allan in the Volcanic Plateau Area. 
Cunningham (42) identifies a rust found on one of the hybrid forms as 
Piiccinia gnaphaliicola^ originally described from specimens on Gnaphalium 
sp. collected at Rio de Janeiro. 

444. G. Lyalin x trinerve, 

445. G, MacKayix TraversiL 

This group apparently occurs wherever the two species come together. 

446. G, trinerve x Helichrysum hellidioides. 

Examples of this intergeneric hybrid were discovered by Messrs. 
Simpson and Thomson near Dunedin. The hybrids grow luxuriantly and 
flower freely. Cockayne has also found it on the shores of Foveaux 
Strait. The flower heads are sometimes solitary as in the one species, or 
more or less numerous as in the other. The leaves also show great 
diversity. Several forms are in cultivation in the Wellington Open Air 
Museum. 

447. Helichrysum hellidioides x filicaule. 

448. H, bcllidioides x glomeratum. 

The first specimens found of this group were named H, Ptirdie% and 
the species was considered purely coastal. Later Christensen, in the 
mountain area near Hanmer Plains, South Island, proved that the group 
included a number of distinct forms ranging from prostrate to lianoid, and 
with most diverse inflorescences. Forms have now been found in various 
localities. This crossing of a stout, fairly tall shrub and a slender herbaceous 
mat-plant was certainly unexpected. 

449. H^ coralloides x Selago, 

, This, and the next two groups, together with No. 454, are' remarkably 
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exemplified in the mountains near the Hanmer Plains. The four species 
concerned hybridize in the most complicated manner. In localities where 
the species grow apart no such polymorphy is found. 

450. H depressum x mic 7 '‘opkyllmn, 

451. H, depressum x Selago, 

45a. depresstmi x ? Raotdia tenuicatilis. 

This is represented by a single plant collected by Allan near the Ball 
Hut, Mount Cook. A close search revealed no more. H, depressum is 
common in the locality, and is certainly one parent. The plant has grown 
luxuriantly and flowers freely. The result of sowing seed is not yet 
available. It is possible that Helichrysimi filicaule is the other parent, 
though it was not observed in the immediate neighbourhood. 

453* F. Jllieaide X glo 7 nerattmK 

Forms of this group mimic those of H, bellidioidesxglo77teratU7n, 
Wall (60) suggests that H, dimorphum Ckn. (a strong climber) is a cross 
between H, filicatde (a slender mat-plant, sometimes scandent) and de- 
pressu 7 n (a low shrub). 

454. H, 77 iicropkylhmt x Selago, 

455. Lagefiophora peiiolataxpumila, 

456. Leticoge 7 tes gra 7 idiceps x Raotdia hyoides. 

Raotdia Gibbsii Cheesem. belongs in part to this group, and so, too, 
Helichrystmi patwiflorimt Kirk. The hybrids range from small cushion- 
like plants to erect slightly woody ones, of which H , paticijiorimi is a good 
example. The latter has never been duplicated by any wild plant, though 
rather similar ones have been found, 

457. L, graitdicepsx Raotdia Goye 7 ii. 

The known forms of this group are placed by Cheeseman (25, p. 97s} 
under Raotdia Logaiiii, R. Logattii (Buch.), however, belongs to No. 459. 
The group under consideration is confined to Stewart Island. Helichrysum 
Grahaifii Petrie is possibly L, grafidicepsx H. Selago, 

45‘^* L. Leotitopodiimtx Raoulia gratidijiora, D. 

459. Leontopodium x Raotdia t'ubra. 

R. rubra is confined to the Tararua Mountains, whence Haastia 
Logafiii Buch. was obtained. Ail the forms so far collected rather closely 
resemble one another, so that they simulate a jordanon. 

460. Olearia albida x furfuracea. 

461. O. aitgustifolia x Colensoi. 

O, Trailii Kirk is one form of the group, which is only known from 
Stewart Island. The O. Colensoi is not the common mountain jordanon 
but comes much nearer, with its large leaves, to O, Lyallii of the New 
Zealand Subantarctic Islands. 


E 
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46^. 0 . arhorescens x avicemtiifolia. 

463. O, arhorescens x capillaris. 

O. capillaris is here used as referring to a very small-leaved divari- 
cating shrub of North Island and the northern part of South Island* The 
type specimens, however, of 0. capillaris Buch., belong either to the 
hybrid series or to a large-leaved epharmone. The group is represented 
by numerous very polymorphic swarms. 

464. O. arhorescens x ilicifolia. 

Swarms belonging to this group discovered by Messrs. Simpson and 
Thomson contain a form indistinguishable from the 0. macrodonta so 
common in gardens. This, again, is known to produce offspring not 
perfectly uniform. It may be that O. macrodonta is based on hybrid 
material. Forms, however, that would certainly be attributed to macro- 
donta occur in quantity and with uniformity of individuals in certain 
localities. Our present field knowledge does not enable us to decide 
whether this form is a jordanon or an hybrid. 

465. 0. arhorescens x lacunosa. 

0. suavis Clieesem. belongs to this group. The long narrow leaf of 
A. lacmtosa, with its network of veins enclosing hollows on its under 
surface gives an unmistakable character to those hybrids of which it is a 
parent. Generally the species crossing with it are of much wider range, 
and these remarkable hybrids suddenly appear when its domain is reached. 

466. 0. avicenniifolia x moschata. 

This group includes 0. Haastii Hook, f., a form very well known in 
gardens in England. Forms closely resembling it have been observed in 
the wild state, but 0. Haastii, as understood by New Zealand botanists, 
includes several other forms, and may include a true jordanon. 

467. 0. avicenniaefolia x nummularifolia. 

468. O. avicenniifolia x odorata. 

O. Willcoxii Petrie probably belongs here, and possibly 0. oMfolia 
Kirk. 

469. 0. ckatkamica x semideniata. 

On the high country to the south of Chatham Island O. semideniata 
occurs in abundance in bogs, while O. ckatkamica is chiefly in evidence on 
the drier ground at the margin of the sea-cliffs. It is there that the 
hybrids occur, one of which is Cockayne’s van Dendyi of 0. ckatkamica. 
O. semidentata itself is extremely polymorphic and must surely consist of 
several jordanons and the hybrids between them. On this may depend 
the long flowering period of some and the different degrees of intensity of 
colouring in their beautiful flower-heads. 
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470. 0 . Crosby-Smitkiixilicifolia. 

Only a few of these hybrids have been seen ; intermediate between the 
two species, which are so very different in leaf form. 

471. b. cymbifoIiax7iummtdarifolia. 

The species differ chiefly in that in 0 . iiummidarifolia the leaves are 
flat, in 0 . cymhifolia strongly recurved. Cockayne showed by cultivation 
in moist air that 0 , cymbifolia could produce flat leaves, and from this he 
suggested that the leaf form was merely epharmonic. A better knowledge 
of the distribution of the plants has clearly shown that each species when 
growing in the absence of the other maintains its leaf-characters. 

47c. 0 . divaricataxlmeata. 

The leaves of 0 , divaricata have rust-coloured tomentiim, those of 
0 . lineata white. Specimens belonging to this hybrid group collected by 
Mr. W. A. Thomson, have some leaves white, others rusty, others with 
flecks of both colours, all on the same plant. 

0 , fiirfnracea. 

This is a linneon, and certain jordanons should probably receive 
specific rank. 

473. 0 . Hectori x virgata, 

474. 0 . ilicifolia x lacmiosa. 

0 . mollis (Kirk) Ckn. refers to one form of this group. Some of the 
forms mimic 0 . suavis Cheesem., which belongs to No. 465. 

475. 0 . ilicifolia xmoschata. 

476. 0 . moschata x ftummtdarifolia. 

477. 0 . ranix Shaivia paniciilata. D. 

Both species are strongly compound, and in such cases hybridity is not 
an easy matter to prove. 

478. Raoulia apice-nigra x australis. 

479. R. a 74 stralis X luiescens. 

480. R. atis trails x tenuicaulis. 

481. R. bryoides X eximia. 

Both belong to the ‘ vegetable-sheep ’ type of Raotdia^ but are very 
distinct. Hybrid forms appear to be not uncommon. It is not yet certain 
whether R. mammillaris belongs to the hybrid group or is a third jordanon 
connected with the above two hybrid forms. 

483. R. bryoidesxgrandijlora. 

Forms belonging to this group have been placed under R. Gibbsi% and 
closely mimic the forms produced by No, 456. 

4^%^. R. glabra xsuhsericea. D. 

The species so greatly resemble each other that in the absence 
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genetic tests it is uncertain whether the Intermediate forms are hybrids 
or not. 

484, R. lutescens x temiicaulis. 

48 5. Sene do bellidioides x cassinoides. 

486. S. bellidioides x Monroi, D. 

S. Chris tensenii Ckn. belongs to this group. 

487. S. Bidzmlli X elaeagnifolius. 

It is interesting to note that S. Bidwillii occurs in two jordanons, one 
confined to North Island, the other (van viridis) confined to the north of 
South Island. There are thus two distinct groups of hybrids included 
under the above formula. 

488. S. cassinioides x HaastiL 

We list this on the authority of Messrs. Simpson and Thomson, who 
observed an example in the Mount Cook area. S. cassinioides is an erect 
shrub up to 3 m. high, S. Haastii is a rosette herb. That such a wide cross 
is not impossible is shown by the fact that spontaneous hybrids arose in 
Mr. W. A. Thomson’s garden between the shrub S'. Hectori and the 
rosette herb S. souihlandictis ( 15 ). 

489. S. cassinioides x revolutus. 

490. 5 . Haastii x southlandicus. 

The two species are at once distinguished by their leaves, green in 
S. souihlandicus^ and covered with white tomentum in S. Haastii. It is 
only where the two meet that forms of intermediate nature are found. 

491. S. Lyalliixscorzoneroides. 

Where the narrow-leaved S, Lyallii, with its comparatively small 
yellow flowerdieads, grows in company with the much broader-leaved 
S. scorzoneroides^ the ray-florets of which are snow-white, there is every 
possible combination of leaf form and ray-colour — including lemon, cream, 
and salmon. Few spectacles are more beautiful in the vegetation of New 
Zealand than mountain bogs covered with these plants — pure white when 
S. scorzoneroides alone is present, bright yellow when S.Lyalii^ and versi- 
colour when the two occur together. 


Summary. 

I. This list of wild hybrid groups in the New Zealand Flora is 
presented in the persuasion that it is of much more than local interest, as 
showing the conditions prevailing in a flora long isolated and now coming 
more and more under the influence of man, 

%. The importance of the findings for all branches of botanical study, 
especially taxonomy, is stressed. 
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3. Of the 491 groups listed 396 are considered as established beyond 
reasonable doubt. Of these 6 are intergeneric crosses, the remainder being 
distributed among 45 families and genera, involving 478 species, or over 
ao per cent* of the flora as it is at present delimited. Were genera with 
only one species and extremely rare species excluded the percentage would 
be over 25. 

4. The need for giving full weight to the phenomena of epharmony in 
field studies is stressed, and the desirability of further genetic study is 
recognized, but it is emphasized that sound field study can establish the 
fact of wild hybridism in the majority of cases. 

5. Very many of the groups are extremely polymorphic, and show 
considerable fertility in the hybrid progeny. 

6. In 7 cases crosses are known between exotic and indigenous species^ 
while over 50 of the species recognized by Cheeseman ( 25 ) are now known 
to be based on hybrid material. 

7. In certain groups characters not observed in the parents appear in 
the progeny, and in certain swarms (i.e. actual field occurrences of hybrid 
populations), especially in Hehe and Lepiospermum the parents appear to 
be swamped by the offspring. 

8. Large genera especially rich in hybrid groups are : Acaem, Act- 
phylla^ Asplenum^ Carex^ Celmisia^ Coprosma^ Dracophyllum^ EpiloUum^ 
Gentian a ^ Hehe, Olearia, Ranimadus, Uncinia. 

9. Hybrids appear to be comparatively rare in the Cruciferae, and 
more or less sterile in Ruhtis. 

10. Taking the classes {a) endemic x endemic, {b) endemic x wide, 
{c) wide X wide: 32 per cent, of the theoretically possible groups are 
known in a, 5 per cent, in b, and 13 per cent, in c. (The wides form about 
20 per cent, of the flora). 

11. Classified according to life forms we have 178 groups of hybrids 
between herbs, 37 between semi-woody plants, 116 between shrubs, 
27 between trees, 24 between shrubs and trees, 2 between hemi-parasites, 
6 between Hanes, 3 between Hanes and shrubs, 3 between semi-woody 
plants and shrubs. Examples of especially striking groups are Podocarpus 
Haim X nivalis (tall tree x depressed shrub), Cordylme australis xpumilio 
(tall tuft-tree x stemlcsstuft-plant), Puehsiaexcorticata x perscandem (spread- 
ing treexHane), Hebe Asionixbuxifolia (compressed shrub x leafy-shrub), 
Hilichrysum glomeratum x bellidioides (bushy shrub x serai-woody mat- 
plant), Raoulia bryoides x Leucogefies grandiceps (dense cushion shrub x open 
semi-woody plant). 

12. The list should further comparative studies of wild hybridism in 
the floras of other countries. ' 
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The Distribution of Potassium in Normal and 
Scorched Foliage. 

BY 

L. G. G. WARNE, M.Sc. 

{Department of Botany^ University of BristoL) 


W ALLACE (27, 28, 30) has shown that an adequate supply of 
potash is essential for the maintenance of a favourable water balance 
in the foliage of a number of plants. Under the stress of potash deficiency 
^ leaf scorch ' develops. Certain types of fruit trees and bushes, e.g. apples, 
gooseberries, and black and red currants are especially susceptible, whilst 
the foliage of certain varieties of plums develops a chlorotic appearance in 
addition to the typical marginal scorch (29), 

Potash deficiency has been related to the development of an apical or 
marginal withering or dying back of the leaves in a number of plants other 
than fruit trees, e.g. sugar cane (Hartt (10)), wheat, corn, and buckwheat 
(Smith and Butler (23)), mangolds, grass, and cereals (Russell (22)), and 
tea (Storey and Leach (24j). 

In the present investigation the distribution of potassium in scorched 
and unscorched foliage has been studied and, as will be seen, certain differ- 
ences in the distribution of potassium in scorched and normal foliage have 
been demonstrated. 

Collection of materiaL 

During July and August, 1932 ^, the plants growing in the gardens of 
the Department of Botany, University of Bristol, were inspected and 
a number of species noted on which some of the foliage exhibited an apical 
or marginal withering or scorching. Material from this source was used in 
the investigation. In addition Dr. T. Swarbrick arranged for a supply of 
material from the Long Ashton Research Station. 

Samples of scorched and unscorched leaves were collected, both being 
gathered from the same plant or plants except where otherwise stated. 
The method of division of the leaves depended on the type of scorching or 
withering. First, the withered portion was removed, either by rubbing 
between the fingers or by cutting off, and rejected. Only the living part 
of the leaf was used for analysis. In leaves with apical scorch or withering 


[Annals of Botany, Vol. XLVIII. No. CtXXXIX. Jannary, 1934.] 



58 Warne, — The Distrihition of Potassium in 

the remaining portion was divided into apical and basal parts, equal by 
weight. In leaves with marginal scorch the division was Into central and 
marginal regions. Thus the analyses were carried out on two regions of 
the leaf, one adjacent to the source of potash, e.g. the main vascular system 
of the plant, and the other remote from the source of potash supply. 

In Table I are incorporated details of the material on which the 
analyses were conducted. 




Table 

I. 



Species. 

Date of 
sampling. 

Source. 

Type of scorching 
or withering. 

I. 

Iris germamm 

26/8/33 

Dept, of Botany 
gardens 

Apical withering 

2 . 

Helianihus i^mltiflorus 

26/8/32 

Private garden 

Apical scorching 

3 - 

Aralia edtilis 

26/8/32 

Dept, of Botany 
gardens 

Marginal scorching 

4. 

Onion 

27/8/32 

Dept of Botany 
gardens 

Apical withering 

5. 

Pear var. William 

30/8/32 

Private garden 

Apical blackening 

6 . 

Apple var. Lane’s Prince Albert 
on East Mailing rootstock 2 

J S/9/32 

Long Ashton 
Research Station 

Marginal scorching 

7. 

Black Currant var. King’s Acre 
Baldwin 

39/9/32 


Marginal scorching 


(i) Iris germanica. An apical withering, confined to the older leaves 
had been in evidence since mid-July. Owing to the length of the leaves 
they were divided into three portions, e.g. base, middle, and apex. 

(n) Helianthus midtijlortis. The scorching was confined to the older 
leaves. 

(3) Aralia edulis. The scorched leaves were confined to the lower 
branches of the shrub, which were afforded some shelter by an adjoining 
hedge. The leaves on the upper exposed branches were free from scorch. 

The leaves of the plant are compound, and each leaflet was divided in 
the manner described earlier. 

(4) Onion, The older leaves exhibited an apical withering. 

(5) Pear var. William, No regularity in the distribution of the 
affected leaves on the tree was noticed. 

(6) Apple var. Lane's Prince Albert Material was collected from two 
plots, one of which had received annual dressings of a complete fertilizer, 
and the other, dressings of a fertilizer lacking potash. The leaves collected 
were taken from terminal shoots of the current year s growth and samples 
were taken from the basal and apical regions of the shoot. In the complete 
fertilizer series a greater distance separated the basal and apical regions of 
the shoot than in the no potash series. The amount of scorch on the four 
sets of material was approximately : 
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[a) Complete fertilizer 

(^) 

[c) No potash 

{d) jj 


Base of Shoot 
Apex „ „ 

Base „ „ 

Apex „ „ 


Very little 
Nil 

Every leaf scorched 
Very little. 


(7) Black Currant. Material was collected from two plots, one of 
which had received a complete fertilizer, and the other a fertilizer iacking* 
potash. Unscorched leaves were collected from the complete fertilizer 
plot, and scorched leaves from the no potash plot. Scorching was most 
severe in the basal region of the shoots. 

In addition to the plants from which material was collected an apical 
or marginal withering or scorching of some of the foliage was observed in 
a variety of plants. This withering was quite distinct from the yellowing 
which preceded the autumnal dying of the foliage. 

The withering was noted in the following plants. 


Date of observations, 29/8/32. 


(i) Monocotyledons. 


Species. 

Family. 

Typha angusfifolia .... 

Typhaceae 

Sparganium sp. .... 

)) 

Acorns Calamus .... 

Araceae 

Iris pumila 

Iridaceae 

„ sibirica ..... 


„ xiphitmi 


„ stylosa ..... 


„ pseudacorus .... 


Allium nutans 

Liliaceae 

„ pafiiculatiim .... 

3J 

„ neopolitammi {—A. lacteum) 


Convallaria majalis .... 


Aspliodelus luteus .... 

?)• 

, , liburnicus 

35 

Hemerocallis Dumortierii 

)3 


(2) Dicotyledons. 

Marginal scorch was observed in four plants, in addition to those from 
which material was collected, being accompanied by a development of 
bronze pigment in the leaves, especially in the regions between the main 
veins. 


Species, 


Family. 


Salma coccinea 
Helianthus giganteus 
Cephalaria aipina . 
Tilia misstsstpiensis 


Labiatae 

Compositae 

Tiliaceae 


The frequent occurrence of this apical withering amongst the monoco- 
tyledons is of interest m view of the fact that they are mainly ^sagar4eaf* 
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plants (9), and sugar-producing plants are recorded as having high potash 
requirements (22). 

Analytical data. 

The analytical results are incorporated in Table If. The potash 
content is expressed as per cent, of dry weight, and also as per cent, of fresh 
weight where the fresh weight of the sample was determined. 

The potash gradients in columns v and vii were obtained as follows : 

Basal (or central) cone. — Apical (or marginal) cone. 

Basal (central) cone. 

Multiplication by loo gives the gradient as a per cent, of the basal 
(central) concentration. Thus a positive gradient indicated a higher con- 
centration of potash in the basal (central) region than at the apex (margin), 
a negative gradient indicating the reverse condition. 

Table II. 

Showing (i) dry matter content and potash content in various regions of scorched 
and unscorched foliage. 

( 2 ) Potash gradients in scorched and unscorched foliage. 

2 a. Iris ger?nanica. 



Region 

Dry 

On D. W. basis. 

On F. W. basis 

Material. 

of 

matter 

KjO 

%. 

Gradient 

KjO 

%• 

Gradient 


leaf. 

%. 

%• 

%• 

Withered leaf 

Base 

8*9 

S-8i ] 

1 

0-53 1 

) 


Middle 

ii-S 

S-oo 

r + 3b 

0-57 



Apex 

14-8 

372 > 

1 

o-ss J 

1 

Normal leaf 

Base 

9'2 

6-17 ] 

\ 

0-57 ■ 

1 


Middle 

IV 3 

5-25 

+ 31 

0-59 

h --4 


Apex 

147 

4-00 j 

1 

0-59 J 

1 

2 b, Helianthus m 

ultiflorus. 






Scorched leaf 

Base 

17*8 

379 1 

[ +IS 

0-78 1 

[ +14 


Apex 

24*8 

3-31 J 

0-67 J 

Mature no scorch 

Base 

157 

4-65 1 

[ + 20 

0-69 1 

1 —6 


Apex 

18*5 

373 1 

073 J 

[ ^ 

Young leaf 

Base 

Apex 

177 

I9-S 

4-48 1 
3-35 J 

[ +25 

o-6s 1 

0-79 J 

1 --20 

2 c. Araiia eduUs. 
Scorched leaf 

Centre 

29*4 

1-57 1 

1 12 

0-461 1 

1 -f I-O 


Edge 

33 *^ 

i '35 J 

0-456 j 

Normal leaf 

Centre 

297 

1-85 1 

1 

0-5451 

1 -3-S 


Edge 

32*1 

175 ) 

0-5591 

2 d. Onion. 

Tip withered 

Base 
Apex ' 

8-6 

9*55 

4-53 ■ 

3-44 , 

1 +24 

0-396 1 

0-315] 

j -^20 

■ Normal’ ; ’ 

Base 

Apex 

6*3 

8-8 

4-63 ' 
3-82 J 

[ +17 

0-3911 

0*329] 

1 -t-ie 



Normal and Scorched Foliaae. 

c> 


2 e. Pear var. Williani* 



Res^ion 

Dry 

On D. W. basis. 

On F. W. basis. 

Material 

of 

matter 

K^O 

%. 

Gradient 

• 0 

Gradient 


leaf. 


%. 


Tip blackened 

Base 

— 

2*62 ] 

^ +1I 



Apex 

— 

2*33 i 



Normal 

Base 

— 

2*31 ] 

+ 9 




Apex 

— 

2*09 j 



2 f. Apple var. 

Lane’s Prince Albert on East Mallin 

g rootstock 2. 



Complete 

manure series. 






Base of shoot 

Centre 

45*5 

1-56 1 

1 +^5 

0-709! 

1 +15 


Edge 

45*3 

1-33 J 

0-603] 

Apex of shoot 

Centre 

38-0 

i'6i ] 

1 +6 

0-6111 

1 +3 

Edge 

39*5 

1*51 i 

0-594] 

No potash series. 






Base of shoot 

Centre 

49*0 

0*77 ] 


0-3771 

( +14 


Edge 

53*8 

o-6o ] 

' + 23 

0-323] 

Apex of shoot 

Centre 

44*4 

0-87 1 

+ II 

0-3841 

I +4 


Edge 

47-8 

077 j 

0-3701 

2 g. Black Currant var. Baldwin. 






Complete fertilizer series. 






No scorch 

Centre 

— 

1-336 





Edge 

— 

0-956 

1 4- 23 



No potash series. 






Scorched 

Centre 

— 

0-823 

1 4.CT 




Edge 

— 

0*399, 

1 +51 




D. W. = Dry weight 
F. W. == Fresh weight 


From Table II it is seen that the dry matter content tends to be 
highest in the scorched leaves; whilst the potash content is, with the 
exception of the pear, lower in the scorched than the unscorched foliage. 

The very high content of potash as per cent, dry matter in the iris 
and onion is noticeable. 

Potash as per cent, of dry matter is always higher in the basal and 
central portion of the leaf than in the apical or marginal regions. This is 
so in both scorched and unscorched foliage. 

With the exception of the sunflower the potash gradient is steeper in 
the scorched than in the normal foliage. Even with the sunflower, when 
the gradients of potash on a fresh weight basis are considered, the negative 
gradient of potash in the normal foliage is transformed into a positive 
gradient in the scorched leaves. Similar changes in the gradients of potash 
as per cent, of fresh weight are observed in the other plants wherever the 
differences are of any considerable magnitude. 
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Discussion. 

The data suggest a relation between the potash content of the dry 
matter and the dry matter content of the leaves. This suggestion is con- 
firmed by a statistical analysis of the data. Correlation Coefficients have 
been extracted as under, r = Correlation Coefficient between dry matter 
as per cent, fresh weight and potash as per cent, dry matter. 

Data for iriSj helianthiis, onion, and apple taken together. 
r = -0-9218 + 0*0275 (Standard Error). 

When the different sets of material are considered separately values 
for r are obtained as follows : 

Iris —0*8218 + 0*13x5 (Standard Error) 

Helianthiis — o*6i8i + 0*2519 

Aralia —0*3360 + 0*4412 

Onion —0*5500 4- 0*3488 

Apple — 0*7 1 1 1 +0*1 748 

Only in the iris, sunflower, and the apple can these correlation 
coefficients be considered as definitely significant. The number of observa- 
tions, however, is small, and it is noticeable that where the number of 
observations is greatest, there the correlation coefficient has the greatest 
significance. Bearing this in mind, the very definite trend shown by the 
data cannot be ignored. This, coupled with the fact that similar relations 
have been established by James (14) and Mann (17) does, it would seem, 
justify one in stating that, in so far as the data presented here are concerned, 
there is a definite negative correlation between the dry matter as per cent, 
of fresh weight and potash as per cent, of dry weight. 

No relation was found to exist between the dry matter content of the 
leaf and the potash content expressed as per cent, of the fresh weight. 

As regards the actual contents of potash in the leaf, the scorched 
leaves, with the exception of the pear, show a lower per cent, of potash in 
the dry matter than the imscorched foliage. The differences between the 
two types of foliage are not usually of the same order of magnitude as 
have been found by Wallace to exist between scorched and normal foliage. 
An explanation of this discrepancy is, however, available. The data of 
Wallace refer to extreme cases. This applies, so far as the present 
data are concerned, only to the black currant, and in it the difference 
between the content of potash in the scorched and normal foliage is of the 
same order as the differences between normal and scorched foliage found 
by Wallace, 

In the present instance, the basal leaves of the shoots from the no 
potash series of the apples were* severely scorched, and the apical leaves 
almpst free from scorch, and one would unhesitatingly suggest potash 
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supply as being one of the main causal agents in bringing about the scorch“ 
ing of the basal leaves. Yet the potash content of the basal leaves is not 
very much lower than that of the apical leaves. In fact the difference is 
probably near the minimum likely to be found between scorched and 
tmscorched leaves, rather than near the maximum. 

By analogy a similar condition might hold for the other sets of 
material. 

The data presented definitely establish the existence of a potash 
gradient on the dry weight basis, in the foliage of the plants examined, 
the gradient being steeper in the scorched than in the unscorched foliage. 

How this difference in potash gradient between the two sets of foliage 
is brought about is not so clear. 

Observations by Wallace (27) and Barker (2) show that scorching or 
withering is not apparent early in the season, but as the season advances 
the scorching becomes apparent, the older leaves exhibiting the symptoms 
first. In view of our knowledge as to the mobility of potash in the plant 
(Andre and Demoussy (1), Janssen and Bartholomew (15), Mason and 
Maskell (18), Gregory and Richards (8)), and concerning the variation in 
potash content of foliage leaves throughout the season (Gregor]/ and, 
Richards (8), Tucker and Tollins (25)}, it seems possible to suggest that 
the scorching develops following the withdrawal of potash from the first 
formed leaves, and its translocation to the growing-point and younger leaves 
and possibly also in certain instances to developing fruits. 

Coincident with this withdrawal of potash from the older leaves, there 
is an import of potash via the transpiration stream, and hence both the 
amount and distribution of potash in the leaf at any moment will be the 
resultant of these two opposing factors. When the potash supply is low 
or potash withdrawal considerable, then the potash content of the leaf will 
be seriously depleted. 

The observations which have been here discussed make it permissible 
to suggest that the movement of potassium from the older foliage, leaves 
the older leaves not only with a lower potash content but also with 
a steeper potash gradient. Consequently the regions of the leaf remote 
from the main veins, e.g. the apex and edge, are left relatively poorer in 
potash than are the basal and central regions of the leaf. It is these 
regions of the leaf remote from the main veins which suffer from scorch, 
and, in view of the very definite relation which is known to exist between 
potash supply and susceptibility to scorch, the distribution of the scorched 
areas in the leaf would appear to be not unconnected with the relative 
poverty of the apices and edges of mature leaves in potash. ^ 

The exact mechanism whereby scorching develops still awaits an 
explanation. 

Summers (25) has suggested that scorch develops following a 
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breakdown of water supply to the leaf. He concluded also that the 
development of the brown colour is due to enzymatic action upon chro- 
mogens formed during the drying out of the leaf, 

Mann (17) found that not only do leaves from potash-deficient apple 
trees show a low water content, but they may also possess poor resistance 
to water loss. 

More recently Wallace ( 28 ) has suggested that scorch develops under 
conditions favouring a disturbance of the water supply within the leaf, and 
Is not so much related to the supply of water to the leaf or to transpiration. 

Penston ( 21 ) has shown that withdrawal of potash from the leaf of the 
potato which occurs whilst the leaf is still green affects first the mesophyll 
and palisade cells in which a considerable proportion of the potash of the 
leaf is normally located, and suggests that potassium withdrawal may be 
a causal factor in the yellowing of the leaf. The regions of the leaf most 
affected by this withdrawal are the regions remote from the vascular 
bundles. 

That scorch is a phenomenon distinct from wilting has been pointed 
out (Barker 2). An observation made during the summer of bears 
this out. 

A weeping ash-tree in the gardens of the Department of Botany 
exhibited severe wilting during the extremely hot weather in August 193:^ 
when shade temperatures of over 90° F. were registered. The sheltered 
leaves of the tree were those most affected. The wilting was .so severe 
and so prolonged as to result in the death of much of the affected foliage. 
Always, however, a leaf either died and shrivelled completely or recovered. 
No instance of a leaflet showing an apical or marginal scorching or shrivel- 
ling was recorded. 

The.se observations, however, throw no light on the mechanism of the 
development of the scorch. That the maintenance of the favourable water 
balance is in part at least dependent upon an adequate supply of potash 
would seem to be evident. 

The nature of the relation between water balance and potash supply 
is obscure. De Vries ( 1 884) (6) suggested that the power of vacuoles to 
absorb water was due in part to dissolved potassium salts. Copeland (1897) 
( 4 ) put forward the view that a relation existed between turgor and nutrient 
salts, especially potassium. Weevers ( 31 ) believed that potassium func- 
tioned in the regulating of the turgidity of cells. James ( 14 ) has pointed 
out that the potassium present is, in many cases, capable of exerting an 
osmotic pressure representing a considerable proportion of the maximum 
osmotic pressure recorded by Dixon ( 7 ), and that a higher concentration 
of potash will result in a greater ability on the part of the cell concerned to 
maintain its turgidity. Especially will this be the case if, as has been sug- 
gested by Kotyschew and Eliasberg ( 16 ), all the potash of the cell exists 
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in the ionic form. Further, as potash salts in many plants seem to be the 
predominant soluble salts (1), the effect of other minerals in this respect 
will be small compared to that of potassium. 

If withdrawal of potash from the leaves of other plants follows the 
same course as in the potato, then the assimilating areas remote from the 
main veins will be the regions of the leaf most affected by this withdrawal 
of potash. A withdrawal of potash resulting in a concentration of potash 
in the cells concerned below a certain minimum must result in a serious 
diminution of photosynthetic activity (Briggs (3), Gregory and Richards 
(8), Janssen and Bartholomew (15), Nobbe (19)). The cells thus affected 
would be expected to show a greater loss of osmotic pressure than would 
be accounted for by the potash withdrawal. Any loss of osmotic pressure 
in these cells due to diminution in the rate of carbohydrate production 
would of course only be apparent when the potash content had been 
reduced to such an extent that potash supply became the factor limiting * 
assimilation. Hence in leaves with a high initial potash content, or in 
which the import of potash was high, considerable withdrawal of potash 
might be possible before the stage of potash starvation was reached. 

Apart from any such direct effect potash salts will have an indirect 
effect. Diminution in water content following potash withdrawal may lead 
to reduction in photo synthetic activity. Such an effect would be super- 
imposed on the direct effect of potash starvation. A serious diminution in 
the ability to produce osmoticaliy active substance might, it is suggested, 
result in a failure of the osmotic mechanism of the cells concerned and be 
reflected in a drying out of these cells, i.e. in the development of leaf-scorch. 
Clearly, as long as the basal portion of the leaf retains the ability to main- 
tain a favourable water balance wilting will not occur. 

It must be pointed out that the potash gradients which have been 
discussed are to be considered as dynamic and not static gradients. With- 
drawal and import of potash resulting in a lower concentration of potash in 
the leaf, and a steepening of the potash gradient, are two continuous and 
opposing processes. 

It is not suggested that such an hypothesis is capable of explaining the 
mechanism of all types of withering. Withering which is not connected 
with mineral deficiencies certainly does occur, (Flansen (11), Hansen- 
clever (12), Oliver (20), Yapp (32, 33).) 

The writer wishes to express his indebtedness to Dr. M, Skene for his 
helpful criticism. 


Summary. 

(i) Scorching and withering in the foliage of a number of plants is 
described. ^ ' 


F 
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(2) Data relative to^ the chemical composition of scorched and 
unscorched foliage are presented. 

(3) A negative correlation between dry matter content of the leaf and 
potash content of the dry matter is found. 

(4) It is shown that scorched leaves compared with unscorched foliage 
show (a) a lower content of potash in the dry matter, (b) a steeper potash 
gradient. 

(5) A possible explanation of the mechanism of the development of 
leaf scorch is described. 
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L Introduction. 

I N the third and fourth papers of this series (3, 4) Das Gupta dealt 
exhaustively with the subject of the attacking power of strains, and found 
that certain strains differ significantly in attacking power. It seemed 
desirable to pursue this matter further by means of an analysis of factors 
influencing growth of strains, in order to find out, if possible, what factors 
are responsible for the differences observed. It was also thought very 
probable that the analysis would shed considerable light on changes of 
rate of invasion observed by Horne (6) who has worked mainly with 

^ Thesis approved for the Degree of Doctor of Philosophy in the University of London. 
[Annals of Botany, VoLXLVIIL No.' CLXXXIX. January, 1934,] 
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Fusaritmty Diaportke^ Cytosporina^ and Phomopsis^ 

Horne (7) and Horne and Gregory (10) have expressed the opinion 
that changes in rate of invasion are related to chemical composition of 
apple fruits Thus, acid is regarded as an inaportant factor, and the deduc- 
tion is based on such evidence as that derived from inoculation experi- 
ments with apples of known acidity or pH, experiments on growth of fungi 
in apple extracts of known acidity or pH, and so on. Changes in sugar 
content are also stated to affect fungal invasion. Horne (7) has made it 
perfectly clear that exact information cannot be obtained by the methods 
referred to above because the chemical constituents are simultaneously 
undergoing change with age of fruit. Moreover, apple extracts when 
sterilized under pressure undergo a considerable hydrolysis of disaccharides 
and more complex carbohydrate materials, so that a much larger supply 
of reducing sugars is available to the fungus than under normal conditions. 
It is therefore impossible to state whether rate of invasion has been 
affected by acid, sugar, or some other factor in any particular case. 

By adopting cultural methods it is possible to study the effect of 
varying concentration of one factor at a time, and find out exactly in what 
way altered concentration affects growth. The work has been mainly 
confined to studying the effect of two variable factors, acid and glucose. 
It was deemed inadvisable to introduce a third variable, such as nitrogen, 
because every additional variable involves greatly augmented experimental 
work Instead, experiments have been made with sucrose or fructose sub- 
stituted for glucose, and with the three sugars used in varied proportions 
instead of glucose. 

The results presented in this investigation taken in conjunction with 
certain results recently obtained from a study of induced changes in resis- 
tance by Horne and Seth (9) show conclusively that changes in rate of 
invasion may be conditioned by acid or sugar or both factors. Differences 
in attacking power may also be explained to a great extent in terms of 
growth response to concentration of acid or sugar. 


IL Material. 

A list of the strains used in this investigation is given below : 

1. Cytosporina ludibunda, strain CE ] 

2. „ „ strain CA4 [• Saltants described by Dr. S. N. Das Gupta ( 3 ). 

3. „ „ strain CCg i 

4. Fhomopsis coneglanensis Trav., obtained from the Centraalbureau voor Schimmel- 
cuitures, Baam, Holland. 

5. Fhom&psts dtn^ Jo 1 Isolated from Citrus fruits, Low Temperature 

l ", ", L I Cambridge. 

8. (Sacc. and Syd.) Harter. Baarn, Holland. ^ 
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9. Diaporthe per 7 ticiosa^ strain DHF. Isolated from natural spots of Bramley’s Seedling 
apple fruit by Dr, A. S. Home in 1927. 

10. Diaporthe arctii (Lasch) Nit. Baarn, Holland. 

11. Diaporthe celastrina Ell. et Barth. 1 

i- Washington 


12. 

13 - 

14. 


acerma Pk. 
Beckhansii Nit. 
strumella (Fr.) Fck. 


The author is greatly indebted to Mr. Tomkins for the strains of 
Phomopsis ciiri sent from Cambridge and to Miss Jenkins for the species 
of Diaporthe received from Washington. 


Method. 


The composition of the medium used as a standard is as follows : 


Asparagin 
MgSO„ 7H2O 

K3PO, 

Glucose 

Agar 

Water 


0*2 grm, 
0*075 »» 

0- X25 „ 

1- So ,, 
2*0 ,, 
ICO C.C. 


In preparing sugar series, the glucose in the standard medium was 
replaced by the kind and concentration of sugar required. For acid series 
malic acid was employed and several concentrations were used. The con- 
centrations of sugars and acid chosen were, as a rule, in geometrical 
progression, and for the sake of convenience in the text these concentra- 
tions have been represented by the first letter of the sugar or add 
employed. Thus 9G represents 9 per cent glucose, 13*5 S represents 
13*5 per cent, sucrose, and 0-25 A represents 0*25 per cent, malic acid, and 
so oil. 

In preparing acid series, solutions of malic acid were always sterilized 
separately and added to the standard medium when the latter had cooled 
down sufficiently (to 55° C. approximately). For the glucose series the 
medium was sterilized at 10 lb. pressure for 15 minutes in the autoclave, 
but wherever fructose or sucrose was used the medium was sterilized by 
steaming for 30 minutes on three consecutive days. 

For all the different series, sets of plates, in triplicate, were prepared 
and the medium poured to reach the same depth in every plate, that is 
0-75 cm. The plates were inoculated with a given fungal strain and kept 
at 20"^ C. Cultures of strains used for the experimental work, the purity 
of which was ensured at the start by using mono-hyphal transfers from 
stock cultures, were kept in tubes containing standard medium. In earlier 
experiments such tubes were used for the purpose of inoculating plates. 
As time went on, it was discovered that whenever add or high concentra- 
tions of sugars were used the replicates were not uniform. This difficulty 
was overcome hy^ adopting the following method : A plate containing 
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standard medium was inoculated at the centre with a given fungal strain, 
using an inoculum taken from a tube culture, and kept at 20° C. for a week* 
The plate was then used for inoculating series. The inocula, consisting of 
very small fragments of mycelium with the least possible mediiini adhering 
to them^ were taken from a narrow zone situated about i cm. inwards 
from the margin of the culture, thus ensuring that all the inocula were of 
the same age. This method gave very satisfactory results. 

The estimates of radial spread recoi'ded in this paper are, as a rule, 
based on measurements taken along two diameters at right angles to one 
another. In cases where the margin of the culture proved somewhat 
irregular additional measurements were made. Measurements were made 
at regular intervals of time until the ninth day, and in the case of slow 
growing strains additional measurements were made on the eleventh or 
fifteenth day. For comparative purposes the records obtained on the 
ninth day have been selected for the simple reason that fast growing 
strains reach the margin of the plate in about ten or eleven days. The 
method of linear measurements has been adopted in this investigation 
because it is analogous to the method used for estimating the progress of 
fungal invasion in the apple fruit (10). 

Ill, General Observations. 

The general morphological characters shown by different strains io 
standard medium cultures are given below in Table 1. 

Table I. 


Characters of Strains as Shozmt in Standard Medium Plate Cultures. 


Strain. 

Colour of 
mycelium. 

Nature of mycelium. 

Zonation. 

Colour of 
substratum. 

Phomopsis conegla-' 

White to grey 

Thick felt 

Wide 

Dark brown 

nensis 





Cytosporina ludibunda^ 
CE 

Ash 

do. 

do. 

Grey 

Diapcrthe pernidosa^ 
DHF 

White, silky 

Thick felt with dense 
tufts of aerial mycelium 

do. 

White 

Cytosporina ludibunda, 
CA, 

Black 

Thin felt 

Absent 

Black 

Cytosporina ludlbunda, 

CQ 

Pale orange 
or yellow 

Thin, rough felt 

do. 

Brown 

Diaporihe arctii 

White 

Thin, fluffy felt 

do. 

White 

Phomopsis z/exans 

Light brown 

Thin felt 

,, do. 

Brown 

Phomopsis diri, Brazil 
20' 

White 

Thick felt 

Irregular 

White 

. Phomopsis dtrif J affa 

do. 

do. 

Wide 

do. 
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The growth characters recorded above vary^ and in some cases con- 
siderably ^ with altered level of acid or sugar. With increasing sugar the 
mycelium is reduced in bulk until at the highest concentrations used 
growth is thin and flat and the cultures show little colour. With increasing 



Fig. I. Graph showing radial spread of staling strains in relation to age ot culture. 

acid, especially at levels beyond 0*85 A, the mycelial characters are mainly 
determined by the amount of sugar present in the medium: with low 
sugar (< 6G, &c.) growth is flat, but as the concentration increases there 
is a tendency to form more and more strands or tufts of aerial mycelium. 

As a rule the strains under investigation produced fairly regular 
growths with circular outlines in plate culture, and little difficulty was 
experienced in making linear measurements. Growth was less regular in 
media containing relatively high concentrations of acid. Correspondence 
between replicates was very close, except in the case of acid series con- 
taining fructose as a constituent of the carbohydrate ingredient. The 
replicates varied in rate of radial spread : in some plates the rate was fairly 
uniform ; in others it slowed down, and in others growth ceased entirely 
after a time. In the case of Cytosporina bidibunda^ CE and Phomopsis 
coneglane^isis, this lack of uniformity was always observed in media where 
the level of fructose was relatively high (exceeding 8 F) even when the 
inocula used were of equal age. 

Sectoring was occasionally observed in acid-fructose series, in the case 
of C. hidibimda^ CE, and a strain differing in morphological characters 
from the parent was isolated from the sectors. 

The strains investigated with two exceptions (Diaporthe arctii and 
Z?. acerina) proved to be of the non-staling type. The staling strains 
showed strong staling in all the acid series where a relatively high level of 
sugar was maintained. The staling character as developed in a medium 
containing 13*50 is shown by the graph given in Fig. i, where length of 
radius of spread is plotted against time. 

In order to discover whether the strains under investigation are 
capable of bringing about any changes in the initial pH of the medium as 
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a result of metabolic activity, two strains, C. ludibtinda, CE and CA^, fast 
and slow growing respectively, were grown on a medium containing three 
sugars (glucose, fructose, and sucrose) in different proportions (17, 8-6, and 
2 per cent, respectively). The initial pH of the medium was 5*8 and the 




Fig. 3. Graph showing^ chang^es in pH with increasing age of culture. CE = Cyiosporina 
ludikmda, CE. CA4 == Cyiosporina hidibundaj CA4. 


changes in pH in different parts of the plates were estimated periodically. 
The changes in pH of the medium associated with the growth of these 
strains are shown in Fig. s, where hydrogen-ion concentration is plotted 
against distance in centimetres from the inoculum. 

The results obtained indicate that both strains are capable of changing 
the initial pH of the substratum. During the first few days of the growth 
period the hydrogen-ion concentration increases, but later falls and the 
media become alkaline. The effect observed is greater in the case of the 
fast growing strain, C, ludikmda^ CE. In the case of both strains a change 
in pH was observed in the medium immediately in advance of the growing 
margin of the fungus. This experiment was repeated, using the same 
medium with i per cent malic acid added. The initial pH of the medium 
was 4*3. In this case the hydrogen-ion concentration was maintained for 
about a week and then commenced to fall Determinations of pH made 
after twenty days from an average sample of medium yielded the following 
result : C, ludibtmda, CE, pH 7-0 ; C ludibunda, CA^, pH 5*1, These results 
indicate that the medium tends to become alkaline. Similar results have 
been obtained by Culpepper ( 1 ) and others. Culpepper found that the 
acidity of apples attacked by Sphaeropsis malortim falls from an initial 
acidity of 072 per cent, to 0*30 per cent It should be noted that the 
change in pH of the medium in advance of growth is very slight, therefore 
the actual acidity in this region would not differ very greatly from the 
initial values of concentrations of acid employed in this investigation. 
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IV. Malic Acid and Glucose. 

(a) Cytosporina ludibtmda. Strain CE. 

The general effect of varied acid and glucose was first ascertained by 
using 6 concentrations of acid (0*025, 0*05, o*i, 0*21, 0*42, and 0*85 A) and 
7 concentrations of glucose (i*8, 2-7, 4-0, 60, 9*0. 13-5, and 17 G), making 

Table IL 

Cytosporina ludibimda, CE. Length of Radius m Relation to Varying 
Concentrations of Ghuose and Malic Acid. 


Glucose in gram, per 100 c.c. 



1-8. 

27. 

4 * 0 . 

6*0. 

g-o. 

13 * 5 * 

17*0. 


ft 29-5 

297 

27-0 

23*5 

22-0 

i8-o 

15*5 


0 29*5 

29*5 

27*0 

24-0 

21*0 

i8*o 

15*5 


0 29*5 

30-0 

27*0 

24*5 

22*0 

18*0 

15*5 


26‘5 

26*5 

34*5 

21-5 

i8*o 

15*0 

13*0 


0 27*5 

27*0 

34*5 

23-0 

i8*o 

15*5 

13*0 


6 29*0 

30*0 

25*5 

23*0 

i8*o 

15*5 

13*0 


f!. 22*0 

21-5 

30*5 

i8-o 

17*0 

14-0 

13*0 


2 23-0 

22*0 

20*5 

18*5 

l8*o 

14-0 

13-0 


6 23-0 

22*5 

20*5 

19*0 

i8-o 

14*0 

14*0 


5 19-0 

18*0 

17*5 

17*0 

16*0 

13*0 

12*5 

d 

d 

n 20-0 

l8*o 

i8*o 

17*0 

i6-o 

13*0 

12*5 

6 20*0 

i8*5 

177 

17*0 

i6*o 

13*0 

12*5 

0 

0 

'S 15*0 

X57 

15*5 

1 6*0 

17*0 

1 6*0 

14*0 

u 

^ 15-5 

157 

i6-5 

1 6*5 

17*0 

i6*5 

14*0 

0 

&. 

0 15-5 

15-5 

17*0 

17*0 

17*0 

17-0 

14*5 

s 

^4 

ii-o 

12-0 

12-0 

13*0 

13*0 

12-0 

II-O 


10-5 

12-5 

12-0 

13*0 

15*0 

13*0 

13-0 

.2 

6 11*0 

13*0 

12.0 

13-0 

15*5 

12-0 

13-0 







'o 

§ 6-0 

6*0 

6-0 

5*5 

6*0 

9*2 

9*3 


6*5 

6*0 

6*0 

6*0 

9*2 

9*0 


- 5-5 

6-5 

6.5 

6-5 

5*5 

9*2 

g-o 


8 3’5 

4-0 

5-0 

3*5 

3-5 

4*7 

4*2 


^ 3*5 

4-0 

3*5 

3*0 

3*5 

4*2 

4*2 


« 4*5 

4*0 

4-2 

3*5 

4*0 

4*5 

4*0 


0 2*5 

3-0 

3*0 

3*0 

1*5 

i-S 

3*0 


^ 3’® 

3*5 

3*0 

3*0 

No growth 

2*5 

4*7 


3.0 

3*5 

3*0 

3*0 

1*5 

No growth 

No growth 


§ 2*5 

2*5 

3-0 

2*0 

1*0 

0*5 

i*S 


0 *7 • r* 

JCs. 2 ^ 

2*5 

3*5 

1*5 

1*0 

No growth 

No growth 


M 2-5 

2-0 

2*5 

x *5 

No growth 

No growth 

No growth 


42 combinations in all and involving 126 plate cultures. The entire experi- 
ment was repeated twice. Graphs sho\ving the relation between radial 
spread in nine days, expressed in terms of length of radius, and concentrar 
tion were then made. Some of the curves obtained were of a peculiar 
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nature and necessitated more detailed work both within and beyond the 
range of acid concentration first employed, and involving 70 combinations 
of acid and glucose (a 10 plate cultures). The full data obtained are given 



Fig. 3. Graph showing radial spread in relation to acid concentration for seven different 
concentrations of glucose. Cyios'bmdna ludibunda^ CE. 

in Table II^ from which the degree of correspondence shown by replicates 
can be ascertained. 

The data used for the graphs are in nearly every case those of mean 
measurements obtained for three cultures. In Fig. 3 length of radius Is 
plotted against acid concentration for each of the seven members of the 
glucose series. The curves thus obtained reveal the following interesting 
features.' 
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i« The curves are of characteristic form. 

The form of the curve varies with concentration of glucose. 

3. Al! the curves, with the exception of that given for 17 G, tend to 



Fig. 4. Graph showing effect of age of culture on development of the second maximum, 
Cytosporina ludibtmda^ CE. 

intersect at a point in the neighbourhood of 0*35 A, indicating that at this 
concentration radial spread is unaffected by varying glucose. 

4. With lower concentrations of glucose (1*8, 4 and 6 G) rate of 

spread falls with increasing acid. 

5. With higher concentrations of glucose (9, 13-5, and 17 G) the rate 
falls with increasing acid until a certain critical concentration is reached 
and then the rate rises with increasing acid to a second maximum from 
which it falls again until growth ceases. The position of the second 
maximum has been carefully verified by exploring in greater detail the 
range of acid falling between o-i A and 0-85 A. 

6. The tendency towards a second maximum is found to be most 
pronounced at 13*5 G. 

The effect of time on development of the second maximum is shown 
in Fig« 4 where length of radius observed on the third, fifth, seventh, and 
ninth days, respectively, is plotted against acid concentration. 

It is seen that no marked tendency towards a second maximum is 
shown on the third and fifth days. • The second maximum waS' fir^ 
observed on the seventh day, and was very prominent on the ninth day. 
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In Fig, 5 the values given in Table 11 will be found plotted against 
glucose concentration for the first seven members of the acid series. 

O 

These curves are also of characteristic form, and in this case the form 


ACiO CONCENTRATIQM. 



Fig, 5. Graph showing radial spread in relation to glucose concentration for seven different 
concentrations of acid, Cytosporina ludihmda^ CE. 

varies with acid concentration. The curves are more irregularly spaced 
than those given in Fig. 3 for various glucose concentrations, indicating 
that increasing acid exercises, on the whole, a greater retarding effect on 
growth. The main effects of increasing glucose are as follows :■ — Acid 
0*035 radial spread falls with increasing glucose but 

the rate of fall gradually diminishes. Acid o-io and o* 3 i; the rate falls 
with increasing glucose but the curve follows a sinuous course. 

Acid 0*43 and 0*85 ; the rate rises slightly with increasing glucose 
until a maximum concentration is reached and then the rate falls. 

Acid 1-3 ; the rate remains practically unchanged up to 9 G, it then 
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rises until a certain concentration is reached and then the rate presumably 
falls. 

Unlike the series of curves given in Fig. 3, these curves do not tend 
to intersect at one point, neither do they show any marked tendency 
towards development of a second maximum. The intersection of the 
curve E (0-43 A) with curves B, C, and D (0-05, oao and 0-31 A) is due to 
the fact that near the point of intersection radial spread is little affected by 
varying glucose. 

A comparison of curves constructed from data obtained on the fourth, 
seventh, and ninth day, respectively, shows that no very marked change in 
form and orientation has taken place, except in the case of the curve for 
0-43 A. On the fourth day this curve does not intersect with any of the 
neighbouring curves, on the seventh day it intersects the curves C (0*05 A) 
and D (o*io A), and on the ninth day it intersects B, c, and D as shown in 

Fig- 5- 

When the data given in Table II are plotted using logarithmic values 
of glucose concentration it is found that the curve for the lowest acid 
(0-035 A) is approximately linear, and therefore nearly exponential in 
character. As the concentration of acid increases the curves depart more 
and more from the exponential type. 

The logarithms of the values given in Table II and used in Fig*. 3 have 
been plotted against logarithms of values of glucose concentration. The 
curves thus obtained are presented in Fig. 6 , CE. 

It is seen that the curves are of somewhat similar form. Starting 
from left to right in the Figure they follow a downward course and in 
several cases the course is nearly straight from the neighbourhood of 0-31 A 
onwards. Between o- 3 i A and 0-85 A the course followed varies slightly 
with concentration of glucose, curves for high glucose bend upwards and 
arch over, on the other hand, those for low glucose continue their down- 
ward course. The direction of all the curves changes abruptly at about 
0-85 A, the curves falling very steeply towards the base line. 

Although systems of curves of this nature do not appear to have been 
recorded previously by pathologists, analogous systems have been described 
by workers in other fields of scientific inquiry. Brief reference to this 
subject will be made in the discussion. 


(b) Phomopsis cozieglajiensts. 

Exactly the same procedure was adopted as in the case of C bidi" 
bunda^ CE. Seventy different combinations of acid and glucose were 
used, and the whole experiment was carried out on two separate occasions. 
The full data are given in Table III. 

The curves for members of the glucose series, obtained by plotting 
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length of radius against acid concentration are given in Fig» 7. For the 
sake of clearness the curves for 6G and 17 G are omitted since the curve 
for 17 G resembles that obtained for 13-5 G, and the curve for 6 G differs 
very little from that represented by 4 G. 



Fig. 6, Kelationships shown in Figs. 3 and 7 represented by logarithmic curves, CE » 
CyUsporina ludihunda^ CE. PH. CONGL. = Pkomopsis comglanensis. 

It will be seen from Fig. 7 that this strain does not differ to any great 
extent from C iudzhmda, CE, in general form of the curves presented. 
The special points to be noted in connexion with this strain are as follows : 

I. The point at which most of the curves tend to intersect lies between 
0*2 A and 0-3 A. 

The curve for 9 G does not show a second maximum, 

3. In the case of 13*5 G- the second maximum is found at a much 
higher concentration of acid than that observed for C. hidibunda, CE, 

With regard to the effect of time on the development of the second 
maximum, development was found to take place earlier than in the case of 
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C. ludibimda^ CE. In this case the second maximum was first observed 
on the fifth day. 

Table IIL 

Phomopsis coneglanensis. Length of Radius in Relation to Varying 
Concentrations of Glucose and Malic Acid, 


Glucose in grm. per loo c,c. 


1-8. 

2 - 7 . 

4 * 0 . 

6*0. 

9 * 0 . 

13 - 5 - 

17*0. 

m 44-0 

44*5 

43*0 

41*5 

40-0 

35*5 

34*5 

o 44*0 

44*5 

43*0 

42*0 

4i*o 

36*0 

34*5 

o 44*0 

45*0 

43*0 

43*0 

43*0 

35*0 

35*0 

39*0 

39*0 

40*5 

39*0 

40-0 

35*0 

34*5 

6 40-0 

39*5 

40*5 

40*0 

40*0 

35-0 

34*5 

40-5 

41-5 

40*5 

40*5 

40*0 

35*0 

34*5 

0 37-0 

33*0 

34*5 

34-0 

33*0 

31*0 

29*0 

g 37-0 

35*0 

33*5 

34*0 

32*5 

3 S*o 

31*0 

37-0 

35*0 

34*5 

34*0 

32*5 

3£‘0 

31*0 

- 3 J -5 

30-0 

29*5 

28-5 

29-0 

39*0 

29*0 

. ^ 32*0 

30-0 

29*5 

30*0 

30*5 

29*0 

29*0 

6 ° 3 I-S 

30*5 

29*5 

39‘0 

31*5 

29*5 

29*0 

o 

2 C. 27*5 

28*0 

28*0 

27*0 

28*0 

32*0 

33*5 

^ A 27*5 
n. 29*0 

28*0 

27.5 

27*5 

30-0 

34*0 

34*0 

28*5 

28*0 

37*5 

30-0 

33*0 

34*0 

S ^ 22-0 

24-0 

24*5 

26*5 

28-0 

29*5 

25*0 

^ 22*0 

24-0 

25*5 

27*0 

28*5 

29*5 

28*0 

.S ^ 32-0 

24*5 

26-5 

37*5 

28-5 

29*5 

28*0 

nd 

12-0 

13-0 

i6*5 

22*5 

23-0 

21*0 

^ « n-o 

13*0 

12-0 

17*0 

23-0 

26*5 

34*0 

I2-S 

12-0 

12*0 

19*0 

24*0 

27*0 

24*5 

7*0 

9*0 

9*5 

10*0 

i8-o 

18*0 

17*5 

'T 8*0 

9-0 

10*5 

10*0 

19*0 

20*5 

17*5 

^ 8-0 

9*0 

9*5 

11*0 

19*0 

20*5 

1 8*0 

^ 5*5 

5*5 

6*0 

6-s 

9-0 

i8*o 

13*0 

5*0 

6*0 

6*5 

— 

10-5 

18-5 

13*0 

5 -S 

6-5 

6*5 

7*0 

10*5 

i6*o 

1 6-0 

o 4*5 

4'0 

4*5 

5*0 

8-5 

I4'0 

S *5 

^ 4*0 

4.5 

5*0 

3*0 

8-0 

14*0 

9*0 

5*0 

5-0 

5*5 

5*5 

8-5 

14*0 

lo-s 


Logarithms of the values given in Table III have been plotted against 
logarithmic abscissae in Fig. 6 (Ph. Congl.) : it will be seen that the 
system of curves obtained resembles closely that presented for C.ludihmda^ 
CE in the same figure. 

In Fig. 8 radial spread is plotted against glucose concentration for six 
members of the acid series. The sets of curves thus obtained show that 
the fall in rate of spread with increasing glucose as observed at low levels 
of acid is less marked than that recorded for C. ludibunda^ CE. 

G 
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length of radius against add concentration are given in Fig, 7, For the 
sake of clearness the curves for 6 G and 17 G are omitted since the curve 
for 17 G resembles that obtained for 13-5 G, and the curve for 6 G differs 
very little from that represented by 4 G. 



Fig. 6. Relationships shown in Figs. 3 and 7 represented by logarithmic curves. CE « 
Cyios^omia iudibunda^ CE. PH, CONGL. = Pkomopsis coneglanensis* 

It will be seen from Fig. 7 that this strain does not differ to any great 
extent from C. hdibunda, CE, in general form of the curves presented. 
The special points to be noted in connexion with this strain are as follows : 

1. The point at which most of the curves tend to intersect lies between 
0*2 A and 0'3 A. 

2. The curve for 9 G does not show a second maximum. 

3. In the case of i3-5 G the second maximum is found at a much 
higher concentration of acid than that observed for C. ludibmda, CE. 

With regard to the effect of time on the development of the second 
maximum, development was found to take place earlier than in the case of 
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C. ludibunda^ CE. In this case the second maximum was first observed 
on the fifth day» 

Table III. 

Phomopsis coneglanensis. Length of Radius in Relation to Varying 
Concentrations of Glucose and Malic Acid. 


Glucose in grm. per loo c.c. 



i-S. 

27. 

4 * 0 . 

6 - 0 . 

9*0. 

13 * 5 * 

17*0. 



44*5 

43*0 

41*5 

40*0 

35*5 

34 -S 


0 44*0 

44*5 

43*0 

42*0 

41-0 

36-0 

34*5 


6 44-0 

45*0 

43*0 

43*0 

43-0 

35*0 

35*0 


tn 39*0 

39*0 

40*5 

39*0 

40*0 

35*0 

34*5 


0 40-0 

39*5 

40-5 

40*0 

40*0 

35*0 

34-5 


40 -s 

41-5 

40-5 

40*5 

40*0 

35*0 

34*5 


0 37*0 

33*0 

34*5 

34*0 

33*0 

31-0 

29*0 


5 37-0 

35*0 

33*5 

34*0 

32*5 

31*0 

31*0 


0 37-0 

35*0 

34-5 

34*0 

32*5 

31*0 

31-0 


- 31-5 

30-0 

29*5 

287 

29*0 

29*0 

29*0 


32*0 

30-0 

29*5 

30*0 

30*5 

. 29*0 

29*0 

u 

u 

° 3 I-S 

30-5 

29*5 

29*0 

31*5 

29*5 

29*0 

8 

N 27-5 

28*0 

28-0 

27*0 

28*0 

32*0 

33*5 


g- 27-5 

28*0 

27-5 

27*5 

30*0 

34*0 

34*0 

<u 

a 

° 29-0 

28*5 

28-0 

27*5 

30*0 

33*0 

34*0 

1 

w 22-0 

24*0 

24*5 

26*5 

28*0 

29*5 

25*0 

Si) 

*5 22-0 

24-0 

25*5 

27-0 

28*5 

29*5 

28*0 

.S' 

22-0 

24*5 

26-5 

27*5 

28*5 

29*5 

28*0 





i6-5 

17*0 




*6 

0 10*5 

« II-O 

12*0 

13-0 

13*0 

12*0 

22*5 

23*0 

23*0 

26-5 

21*0 

24*0 


12*5 

12-0 

12-0 

19*0 

24*0 

27-0 

24*5 


r. 7*0 

9-0 

9*5 

10*0 

i8*o 

1 8*0 

3 7*5 


m 8*0 

9-0 

10*5 

10*0 

19*0 

20-5 

17*5 


^ 8*0 

9-0 

9*5 

11*0 

19*0 

20*5 

1 8*0 


5*5 

5*5 

6*0 

6-s 

9*0 

i8-o 

13*0 



6*0 

6*5 

— 

10*5 

iS-s 

13*0 


5*5 

6-5 

6*5 

7*0 

10*5 

i6*o 

16*0 


0 4*5 

4*0 

4*5 

5*0 

8-5 

14*0 

8*s 


^ 4*0 

4*5 

5-0 

3*0 

8-0 

14*0 

9-0 


5*0 

5*0 

5*5 

5*5 

8-5 

14*0 

10-5 


Logarithms of the values given in Table III have been plotted against 
logarithmic abscissae in Fig. 6 (Ph. Congl.) : it will be seen that the 
system of curves obtained resembles closely that presented for C, ludihmda^ 
CE in the same figure. 

In Fig. 8 radial spread is plotted against glucose concentration for six 
members of the acid series. The sets of curves thus obtained show that 
the fall in rate of spread with increasing glucose as observed at low levels 
of acid is less marked than that recorded for C- ludibimda^ CE. 

G 
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The curve for 0*4^^ A is at first nearly horizontal and then rises from 
6 G with further increase in glucose, intersecting only two curves (o-i A 
and 0*21 A). 



Fig. 7» Graph showing radial spread in relation to acid concentration for five different con- 
centrations of glucose. FJiomopsis coneglanenus. 


The effect of time on the course followed by individual curves is 
shown in Fig, 9 where radius of spread, observed on the fourth, sixth, 
and ninth days in the case of 0*025 A (unbroken line) and 0*05 A (broken 
line) is plotted against glucose concentration. 

(c) Diaper the perniciosa. Strain DHF, 

In this case six concentrations of acid (0*025 A to 0-85 A) and seven 
concentrations of glucose (X'8 G to 17 G) were used, 42 combinations in all, 
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and the whole experiment was repeated twice. The data for total radial 
spiead in 9 days aie given in Table IV. The values given are in each case 
the mean values for three plates. 



Fig. 8. Graph showing radial spread in relation to glucose concentration for six different 
concentrations of acid. Phoinopsis coneglanensis. 


Table IV. 

Diaporthe perniciosa, DHF. Length of Radius in Relation to Varyhig 
Concentrations of Glucose and Malic Acid, 

Acid in grm. 

per 100 c.c. Glucose m grm, per 100 c.c. 



1*8. 

27. 

4 * 0 . 

6*0. 

9 - 0 . 

I 3 ’ 5 - 

17*0. 

0*025 

33.0 

32-0 

32*8 

35.0 

38*0 

■ 39*5 

40*5 

0*05 

3 X-I 

32-0 

31-3 

33 *S 

37*5 

39*0 

37*3 

0*10 

31-0 

32*0 

31*0 

33 ’ I 

35’5 

39*0 

39*5 

0*21 

27*8 

27*5 

28-0 

30*1 

32*1 

32-5 

33*0 

0*42 

17*3 

20*6 

21*6 

23-5 

22*2 

23*5 

19*1 

0-85 

13-0 

13*6 

X37 

13-8 

i6*9 

i6*s 

16.8 


The relation of radial spread to acid concentration is shown graphic 
cally in Fig. 10 where the curves A to F represent glucose concentrations 
ranging from i*8 to 13*5 G respectively. 
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The following points are worthy of note ; 

!• The curves are of somewhat similar type^ more or less convex to 
the base line. 



Fig. 9. Graph showing; effect of age of culture on development of certain curves. PJwmopsu 
coneglanensis , 

2. For all concentrations of glucose the i*ate of spread falls con- 
tinuously with increasing acid. 

3, The curves A to F start from zero acid in the reverse order 
recorded for P. coneglanensis and C. Itidibtmda^ CE, indicating that 
increasing glucose has in general the effect of increasing the rate of spread 
instead of lowering it. It will be noted that the curve F (13-5 G) inter- 
sects curves E and B indicating that at higher levels of acid high glucose 
tends to depress growth. 

The curves obtained when data of radial spread are plotted against 
glucose concentration are given in Fig. ii. The curves for 0*025, 0*05, o-i, 
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and o-ai A (a-d) rise with Increasing glucose instead of falling as in the 
case of C. ludibunda^ CE and P. coneglanensis . On the other hand the 



Fig. 10. Graph showing radial spread in relation to acid concentration for sis different 
concentrations of glucose. Diaporthe perniciosa^ DHF. 


curves for 0-42 A and 0*85 A are of somewhat similar form in both cases, 
thus the curve E (0*42 A) rises to a maximum of about 9 G and then falls. 


(d) Cytosporina ludihtmda. Strain CA^. 

In this case 70 combinations of acid and glucose were used (0'025~ 
17 A and 1-8-176). Since very uniform results were obtained the 
experiment was not repeated. Data of total radial spread in 9 days are 
given in Table V, the values given being in each case mean values for 
three plates. 

The results are presented in Figs. 12 and 13. 

Ill Fig. 1 2 length of radius is plotted against concentration of acid for 
7 concentrations of glucose. The points to be noted are as follows : 

I. The curves are very regular and are convex to the base line 
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iadicating that the rate of spread falls with increasing* acid. It is seen from 
the shape of the curves that the rate of decline is steadily diminishing. 



Fig. II. Graph showing radial spread in relation to glucose concentration for six different 
concentrations of acid. Dzaportke permciosa, DHF, 


Table V. 


Cy tosporina ludibunda, CA^, Length of Radius in Relation to Varying 
Concentrations of Gbicose and Malic Acid. 


Add in gnn. 
per loo c.c. 


Glucose in grm. per loo c.c. 



1-8. 

27 . 

4*0. 

0*025 

29*8 

29’6 

29*1 

0*05 

22'0 

20*3 

20*5 

O'lO 

19-8 

i8‘5 

iS'O 

0’2I 

i6-3 

15-5 

14*5 

0*42 

10*5 

10*0 

9*5 

0*85 

5*1 

5*0 

5*5 

1-20 

3*5 

3*5 

40 

1*37 

3*5 

3*5 

3*5 

x*54 

2*8 

2-8 

3.0 

170 

27 

2*5 

2*5 


6*0. 

9*0. 

3^3*5 

17 - 0 . 

25*5 

i8*o 

I3’8 

n*s 

i8-i 

15-1 

ip8 

II-O 

i6*i 

14*0 

12*0 

II-O 

13*1 

11*5 

9*5 

8*6 

9-0 

8-6 

7*0 

5*5 

5*5 

S-i 

4*6 

4*0 

5-0 

4*0 

3*S 

3*8 

3*5 

'3*5 

3*3 

3*1 

3*0 

3*0 

3*5 

2^5 

2*5 

2*5 

2-5 

2*0 
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%. The curves start from o*o%^ K in the reverse order recorded for 
D.perniciosa^ DHF, but in the same order as that recorded for P. cone^ 
glanensis and C. ludibimda^ CE. The curves approach one another and 
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Fig. 12. Graph showing radial spread in relation to acid concentration for seven different 
concentrations of glucose. Cytosporina ludihitnda^ CA4. 


tend to meet (i-a A) but do not intersect, indicating that glucose has little 
effect on radial spread at relatively high concentrations of acid. 

3. All the curves fall below that representing D. perniciosa^ DHF, 
1-8 G (Fig. 10), indicating that the rate of spread is much lower at all 
combinations of acid and glucose. 

In Fig. 13 length of radius is plotted against glucose for ten concen- 
trations of acid. The curves thus obtained (A-j), unlike those recorded 
for D , perniciosa, DFFI, are descending curves, and are all very regular. 
The curve A for o*osi A is of sigmoid form. The sigmoid tendency is still 
evident in B (0*05 A). The remaining curves tend to straighten out and 
to become horizontal. The three last curves (h, I, and j) are practically 
horizontal, illustrating further the point already mentioned that varied 
glucose has in this case little effect on radial spread when the level of acid 
is relatively high. 
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(e) Cytosporhta hidibnnda. Strain CC2. 

In this case 4a combinations of acid and glucose were used (o' 035 ~ 
o-b’5A and 1-8-17 G). Here, again, very uniform results were obtained. 



Fig. 13. Graph showinjr radial spread in relation to glucose concentration for ten different 
concentrations of acid. Cytcspmiiia Ittdihmda, CA^. 

Data of mean length of radius (3 plates) are given in Table VL The 
data are plotted against add concentration in Fig. 14 and against glucose 
concentration in Fig. 15. 


Table VI. 


Cytosporina kidibunda, CC^- Length of Radius m Relation to Varying 
Concentration of Glucose and Malic Acid. 


Acid in grm. 
per 100 c.c. 


Glucose in grm. per 100 c.c. 



1-8, 

27. 

■ 4*0. 

0*025 

6*0 

8-5 

9-1 

0*05 

lo-i 

13*5 

11*5 

o-io 

12-5 

i6*i 

15*3 

0*21 

II-8 

I4'C 

i2*r 

0*42 

9*0 

8*5 

5*5 

0*85 

2 0 

1*6 

1*0 


6*0. 

9 * 0 . 

13 * 5 - 

17*0. 

6*6 

3*1 

2*5 

2*0 

6*6 

4*0 

2*5 

1*8 

6*8 

3 *S 

2*5 

1*6 

5-0 

3*0 

2*1 


3*0 

0*5 

2*0 

1*0 

No growth 

0*5 
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The curves presented in Figs. 14 and 15 differ from' those given in 
Figs, 12 and 13 (C*. ludibunda, CA^.) in that curves for certain levels of 
glucose (Fig, 14 A“C) and acid (Fig. 15 a-d) show a rising limb, a 
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Fig. 14. Graph showing radial spread in relation to acid concentration for seven different 
concentrations of glucose. Cytosporina ludibunda, CC2. 



ACID CONCEKTRATiON. 
0 iR) 

® ’OS% C6) 

5 -10 7. (C) 

A .MX tO) 

® ‘4^% (E) 

O * 857 . (F) 


GLUCOSE PERCENT. 

Fig, 15. Graph showing radial spread in relation to glucose concentration for six different 
concentrations of acid, Cytosporina ludibunda^ CC2. 

maximum point and a falling limb, indicating that at such levels radial 
spread increases with increasing acid or glucose, as the case may be, until 
a certain critical concentration is reached and then the rate of spread fails 
with increasing concentration until growth ceases. 


{f) Pho 7 nopsis vexans. 

The experimental results as in the case of C. Indibtmda^ CCg, are based 
on combinations of acid and glucose. The data are presented in 
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graphical form in Figs. i6 (glucose series) and 17 (acid series) where length 
of radius is plotted against concentration. 

The curves for glucose shown in Fig. 16 should be compared with 



Fig. 16. Graph showing: radial spread in relation to acid concentration for seven different 
concentrations of glucose. Fhomopsis vexafts. 


those presented in Fig. la (C ludibitnda^ CA4), which they closely re- 
semble. The curves indicate that rate of spread falls with increasing acid 
at all levels of glucose. It is seen that growth is greatly retarded by high 
glucose. The curves for acid on the other hand, with one exception (0*4^ A), 
at first rise to a maximum and then fall, resembling those given in Fig. 15 
(C ludibunda, CC^) in form, but not as I'egards the order in which they are 
found. No growth was observed in media with acid content exceeding 
0*85 A. 


(g) Diaporihe arciii. 

This strain does not lend itself to detailed investigation because it is, 
as already mentioned, a strongly staling strain. Very little growth was 
observed after the seventh day in all the members of acid and glucose 
series. Observations made on the fourth day indicated that the rate of 
spread diminished with increasing acid. 
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(h) Phomopsis citri. Strains Jaffa i, Jaffa i8j and Brazil ao. 

The experimental work was limited to 12 combinations of acid and 
glucose (o*o25j 0-05, o*!, 0*42, and 0*85 A), and (9 and I3»5G). The 

results are expressed graphically in Fig. 18 where length of radius is 



Fig. 17. Graph showing radial spread in relation to glucose concentration for six different 
concentrations of acid. Phomopsis vexans. 

plotted against acid concentration for the three strains ; curve A represent- 
ing Jaffa I and Jaffa 18 for 13-5 G ; curve B, Brazil 20 for I3'5 G ; curve C, 
Jaffa I and Jaffa 18 for 9 G and curve D, Brazil 20 for 9 G. The curves A 
and C show a second maximum. The response of the strains (Jaffa i and 
Jaffa 18) to glucose and acid is therefore similar to that observed for 
C, ludihmda, CE, and A. conegla?iensis. The position of the second 
maximum, however, varies with glucose concentration. Curves B and D 
(Brazil 20) do not show a second maximum, they resemble curves for 
£ 7 . ludibunda^ CE, and P. cotteglaneiisis obtained when lower concentrations 
of glucose are used (Figs. 3 and 7). 

(i) Diaporthe celastrina^ D. acerina, D, Beckhatmi^ and D, strnmdla. 

Since the strains were only recently received from Washington it has 
been impossible to investigate them in any detail. A preliminary test was 
made using 13-5 G and 7 concentrations of acid (o*025-o-85 A). The 
results are given in Fig. 19. Curves A, B, C, and D represent D, celastrina^ 
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D. acerina, D. Beckhausii., and D. strumella respectively. In each case the 
rate of spread falls with increasing acid. The intersection of the curves 



for D. acerina D. Beckhatisii is probably due to the fact that the 
former is a staling strain. 


V. 


Malic Acid and Sucrose. 

In these experiments cane sugar was substituted for glucose in the 
standard medium. In order to compare the relative effects produced by 
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sugars other than glucose, an experiment was carried out in which first 
sucrose and then fructose was substituted for glucose in the standard 
medium, no acid being added. Equimolar solutions of sugars were used 



Fig. 20. Graph showini^ radial spread recorded for nine different fungi in relation to 
equimolar solutions of sugars, c. Sucrose; F. Fructose; g. Glucose. 

corresponding to 13*5 per cent, glucose. Nine different fungi were tested, 
the results expressed in terms of length of radius observed on the ninth 
day are represented graphically in Fig. 20. 

The vertical lines, given in groups of three in Fig. %o for each strain 
tested, represent the values obtained for sucrose, fructose, and glucose 
respectively (C, F, and G). It is seen that sucrose has a depressing effect 
on growth in certain cases {C, ludibunda^ CE, P. coneglanensis^ P. citf% 
Brazil 20, and D. arctu); in others, the effect is not so marked (C. 
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hidibimda, CC^ and CA^ and D. perniciosa, DHF). In the case of P. vexans 
slightly increased growth was obtained with sucrose. 

A single series was prepared using eight concentrations of acid and 



Fig. 21 . Graph showing radial spread recorded for three fungi in relation to acid concentration 
for equimolar concentrations of sucrose and glucose (X3‘5 G). 

sucrose equivalent to 13-5 G. Three fungi were tested, viz. C, ludilmnda^ 
CE, A coneglanensis, and P, citri. Jaffa 18. The results are represented 
graphically in Fig. ai by the unbroken lines. In the same figure curves 
for 13*5 G, selected from Figs. 3, 7, and 18, and represented by broken 
lines are given for the same strains. 

It is seen from Fig. 21 that curves for sucrose and glucose do not 
follow a similar course. The strains show the following individual differ- 
ences in their reaction to the two sugars: P, coneglane7tsis. Both curves 
show a second maximum (0*85 A, sucrose; o*6 A, glucose). In media con- 
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taining sucrose radial spread is always less than it is in corresponding media 
containing glucose. P. citri^ Jaffa i8. The sucrose curve did not develop 
a second maximum even when observations were continued beyond the 
ninth day. Radial spread was always greater in sucrose media*. C* Itidi- 
hmda, CE. At levels of acid not greatly exceeding 0*3 A there is more 
spread in cane sugar medium, but at this point the sucrose curve is inter- 
sected by the curve for glucose, owing to the fact that the latter rises to a 
second maximum, and then the reverse relation holds. Observations on 
the sucrose media were continued after the ninth day ; on the twelfth day 
a second maximum was observed and showed considerable development on 
the fourteenth day. The effect of sucrose is therefore to delay the appear- 
ance of the second maximum. 

VL Malic Acid and Fructose. 

The results obtained when fructose is substituted for glucose in the 
standard medium are given in Fig. to which reference has already been 
made. It is seen that the effect on radial spread varies from strain to 
strain : certain strains (C hidibtmda^ CE, A. vexans^ and P. citri^ Jaffa 18 
and Brazil 20) spread further in fructose medium ; others (t 7 . ludibzmda^ CCg 
and CA4, and D. perniciosa^ DHF) spread nearly to the same extent ; and 
others [D. arctii) do not spread as far. It is also seen from Fig. 21 that 
except in the case of P. vexazts fructose favours spread more than sucrose. 

In order to study the combined effect of fructose and acid on radial 
spread, seven concentrations of acid were used (c«o25, o*x, o*2i, 0-42, o-6, 
and 0*85 A) and one of fructose {i3*5 per cent). Six different fungi were 
tested. The full data obtained for total radial spread in nine days are given 
in Table VII from which it is seen, in the case of sets where the level of acid 
was relatively high, that the replicates proved very irregular. 

The relation between radial spread and acid concentration is shown 
graphically in Fig, 22. 

The curves given in Fig. 22 with a single exception (P. citri, Jaffa 18) 
descend fairly sharply to the base line indicating that rate of spread is 
falling rapidly with increasing acid. In the case of C. ludibtmda, CE, and 
CA^, P. coneglanensis and P. ciiri^ Brazil 20, growth ceases at o-6 A, and 
in the case of D. perniciosa, DHF, at 0*42 A. The curve for P. citri^ 
Jaffa 18, differs from the remaining curves in that it shows a maximal point 
(o*i A) and does not descend sharply to the base line. The results 
obtained with glucose and fructose respectively show quite clearly that 
fructose has a retarding effect on radial spread at all concentrations of 
acid in the case of P. perniciosa^ DHF, P. coneglanensis ^ and P. citri^ 
Brazil 20, but fructose favours spread at all concentrations of acid in the 
case of P. citri, Jaffa 18. In the case of Q ludibunda, CE and CA4 
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fructose favours spread at low levels of acid (up to o- 3 i A) but at higher 
levels spread is very much retarded. 

Table VI L 

Length of Radius m Relation to !}■$ per cent. Fructose and Varying 
Conce7itration of Acid. 

Acid in grm. per loo c.c. 


Strain. 

0-025. 

0*05. 

o-i. 

0*21. 

0*42. 

0*6. 

0*85. 

Cytosporma hidi- 
bunday CE 

r 31*0 

33*0 

1 33*0 

28-0 

30-5 

30*5 

19*5 

19-5 

22*5 

12*5 

14-0 

13*5 

4*0 

4-0 

No growth 

N 0 growth 

9) 

99 

No growth 

3) 

99 

Cyiosporina ludi- \ 
bimdiiy CA| * 

IS '5 

15-5 

15*5 

13*0 

13-0 

13-0 

lo-o 

10-5 

12-0 

8-0 

9*5 

No growth 

3*5 

3*5 

No growth 

99 

,5 

99 

33 

55 

35 

Fhomopsh com- 
glaneftsis 

[ 36*5 

37*0 

1 37*5 

33*0 

35*0 

35*0 

22*5 

23*0 

25*0 

21-0 

21*0 

N 0 growth 

9*5 

N 0 growth 

9 i 

99 

99 

99 

35 

33 

53 

Phomopsis citriy 
Jaffa 18 

f 31*5 
31*5 

1 33*0 

37 - 0 

38- 0 
37*0 

38*0 

38*5 

35*5 

35*5 

35*0 

27*0 

27*5 

28*0 

2V0 

22*0 

22*0 

i8-o 

17*0 

15*5 

Phomopsis citriy 
Brazil 20 

r 23*0 

23-0 

1 23-0 

21*5 

21*5 

22-0 

21*5 

21*5 

19*5 

20*5 

20*0 

14*5 

15*0 

15*5 

No growth 

99 

?» 

No growth 

S3 

33 

Diaporthe perni- 
dosa, DHF 

r 26*0 

1 27-0 

1 28*0 

22*0 

23*0 

24*0 

13*0 

14-5 

15*0 

9*0 

9*5 

10*0 

No growth 

99 

55 

99 

33 

33 

35 


Reference to Table VII shows that no growth was recorded for certain 
replicates. In order to find out if the inocula used were still alive and 
capable of growth, the inocula were transferred to standard medium in 
tubes. These tubes were examined periodically but no growth was 
observed. 

It has been stated above that the majority of the fungi tested show no 
growth at o*6 A, in order to ascertain whether or not growth is possible at 
this level of acid if the fructose content is lowered, three strains were tested 
on a series of media where o-6 A was used in combination with twelve 
different combinations of fructose (i-8, 3,4,5, 6, 7,8, 9, 10, ii, and 12, F), 

The following results were obtained : In the case of P. coneglanensis and 

C. ludibunda^ CE, a certain amount of growth was observed in media con- 
taining 9F but no growth at levels higher than 10 F: in the case of 

D, perniciosay DHF, growth occurred in media containing 10 F. 

VIL Malic Acid and Combinations of Glucose, 
Fructose and Sucrose. 

The study of the interaction between growth and media containing 
four variable chemical factors has been limited to a few experiments 
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32 . ■ Fig. 23. 

^ Fig, 23. Graph showing radial spread recorded for six fungi in relation to acid concentration 
using 13*5 F. 

Fig, 23. Logarithmic curves representing the relation between radial spread and acid con- 
centration for seven concentrations of combined sugars. Cytosporina ludihunda^ CE. 


actual proportions of these sugars used together with the glucose equivalent 
are given in Table VIII, In each case the glucose equivalent and the 
combination of three sugars are equimolar. 

Only one fungus, C. ludihmda^ CE, was used for the test Bata of 
total radial spread in nine days expressed in terms of logarithm of length 
of radius (mean of replicates) are given in Table IX. These values^ 
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been plotted against acid concentration (logarithmic values) and the curves 
thus obtainedj which may be compared with those given in Fig. 6 (glucose) 
are presented in Fig» 23. 


Table VIII. 

Concentrations of Cofubined Sugars. 


Glucose 

equivalent. 

1-8 G. 

27 G. 

4*0 G. 

Glucose 

0*35 

0-52 

o*8o 

Fructose 

1*04 

1-56 

2*30 

Sucrose 

O“8o 

i*i8 

I -So 

Total 

2*19 

3*26 

490 


6-0 G, 

9*0 G. 

I 3'5 G. 

I7'0 G. 

1*20 

1-75 

2*6o 

3*30 

3-50 

5*25 

7*90 

9*80 

2*60 

3-97 

5*95 

7*40 

7*30 

10*97 

i6'4S 

20*50 


Table IX. 


Cytosporina ludibunda, CE, Logarithms of Length of Radius in Relation 
to Varying Concentrations of Acid and Combined Stigars, 


Total concentration of 3 sugars per 100 c.c. 


Malic acid 
per 100 C.C. 



2*19. 

3*26. 

4*90. 

0*025 

1*51 

1*53 

1*50 

0*05 

1*49 

1*50 

1*47 

0*10 

1*41 

1*41 

1*40 

0*21 

i* 3 £ 

1*29 

i' 3 i 

0-42 

1*19 

1*20 

1*26 

0*85 

I *06 

1*06 

I *06 


7*30. 

10*97. 

16*45. 

20*50. 

1*49 

1*41 

x -34 

i*3X 

1*44 

1*40 

1*30 

1*25 

1*34 

1*26 

1*26 

1*25 

1*34 

1*33 

1*25 

0*00 

1*32 

1*20 

0*00 

0*00 

I-IO 

0*00 

0*00 

0*00 


It will be seen from Fig. 23 that the curves resemble those obtained 
when glucose is used for the sugar ingredient (Fig. 6, CE). But whereas 
the glucose curves tend to run together at higher levels of acid and 
descend to the base line in the neighbourhood of 1-7 A the curves for 
combined sugars do not run together and reach the base line at different 
points: thus curve E reaches the base line at 0*85 A; curve F at 0*42 A 
and G at o-2i A. Only one of the curves obtained as a result of plotting 
length of radius against acid concentration showed a second maximum, viz* 
the curve for 10*97 GFC (equivalent to 9 G) resembling curve E (9 G) given 
in Fig. 3. ' 

(2) Glucose, fructose, and sucrose used in proportions found in the 
apple fruit : the proportions used are given in TaWe X. 


Table X. 

Proportions of Three Sttgars Found in the Apple Fruit. 

A. B. C. D. E- 

Glucose 2*0 2‘0 2*0 2*0 2*0 

Fructose 6*5 7-0 7*0 6-0 5*0 

Sucrose 4*0 3*0 2*0 l«o l*o 
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The particular ratios (a-e) given, in Table X were chosen to repre- 
sent proportions of sugars determined by chemical analysis for sets of 
apples differing with respect to age. Six concentrations of acid were used 
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percent mauc acid. 

Fig. 24. Graph showing radial spread in relation to acid concentration for sugars combined 
in various ratios. Pho7?iopsis coneglanertsis. 


(0”2i, 0*3, 0*42, 0*5, 0-6, and 0-85 A) and only one strain, P. coneglanensis ^ 
was tested. The data obtained are presented graphically in Fig, 24, where 
length of radius is plotted against acid concentration. Curves for A, B, C, 
and D are given, the curve for E having been omitted because it closely 
resembles D. 

It will be seen from Fig. 34 that the curves belong to the system of 
curves represented in Fig. 7 {P. concglanensis). Only two of the curves 
{a, B) show a second maximum. 

(3) Glucose, fructose, and sucrose found in Cox’s Orange Pippin apples 
(2: 6*5: 4). This particular mixture of sugars was combined with seven 
different concentrations of acid (0-025, 0-05, o-i, o-2i, 0*42, o-6, and 0-85 A) 
and nine fungi were tested. The results obtained are presented in Fig. 25 
where mean length of radius has been plotted against acid concentration 
as in the previous figure. 

It is seen from Fig. 25 that the order of strains with respect to extent 
of radial spread varies with concentration of acid as shown by the fact that 
the curves for P. coneglanensis and P. citri^ Jaffa 18, intersect at two 
points (0-54 A and 0*82 A), again the curve for P, citri^ Brazil 20, inter- 
sects the curves for P. coneglanensis, P, permciosa, DHF, and Q ludibunda^^ 
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CE^ and so on. The curves for P. coneglanensis and Q ludtbunda, CE, 
show a second maximum. 



Fig. 25. Graph showing radial spread recorded for nine fcngi in relation to acid concentratioii 
asing glucose, fructose, and sucrose in the ratio 2 : 6*5 :4» 

VIIL Discussion. 

Salient Features of Restdts obtained. 

From the sets of curves presented in this paper it is seen that progress 
of fungal growth is greatly affected by varying concentrations of malic 
acid and sugar, and that nearly all the fungal strains investigated respond 
very differently to the same combination of the two variables. The 
response also varies with kind of sugar or relative proportions of different 
sugars (glucose, fructose, and sucrose) used in combination with acid. 
As a general rule it may be stated that both increasing concentration 
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of acid and increasing concentration of sugar tend to retard fungal pro- 
gress. This point is illustrated in Fig. lOr (C, hidibtmda, CAJ where the 
curves are of hyperbolic form, clearly indicating that radial spread is 
inversely proportional to concentration of acid. Such curves may be 
represented by formulae of the type r^KlX where r = radius of 
spread, X = concentration of acid, and /iT = a constant for any particular 
concentration of glucose. There are, however, several important excep- 
tions to this rule. Thus, in the case of D . per^iiciosa, DHF (Fig. ii), the 
curves for acid tend to rise from near zero point with increasing glucose ; 
and in the case of C. ludibimda^ certain glucose curves (Fig. 14, A, B, 
C, and D) rise with increasing acid from near zero point. Such curves 
have a rising limb, a maximum point and a falling limb. Again, in the 
case of C. Indibunda^ CE, and P. cofieglanensis the systems of curves pre- 
sented (Figs. 3, 5 j exceedingly complex nature. Thus 

in the case of the glucose curves presented in Figs. 3 and 7, starting from 
near zero point the curves descend with increasing acid and tend to follow 
a hyperbolic course until a certain critical concentration of acid is reached 
and then the curvature changes becoming parabolic. This change in 
curvature is not very marked when the level of glucose is very low but 
becomes more and more pronounced with increasing glucose. When the 
highest levels of glucose are reached the curves show a second maximum 
point The curves, plotted on a logarithmic basis, given in Fig. 6 show 
clearly that they all belong to one family and the difference between the 
parts of the curves showing hyperbolic and parabolic curvature respectively 
in Figs. 3 and 7 is greatly emphasized. There is a tendency for each 
curve to be made up of two components which are nearly straight {P.cofte- 
glanensis) or slightly curved {C. hidibunda^ CE), and are inclined at an 
obtuse angle. The components may tend to meet at a point (A. cone- 
glanensis) or unite to form a loop (C. ludibtmda^ CE). The curves differ 
from one another in the angle made by the two components and the angle 
which these components make with the base line of the graph. The angles 
change in both cases with changing concentration of glucose. The nature 
of these curves suggests that the relationship of growth which applies when 
fungal growth in relation to low levels of acid is considered, tends to break 
down more and more as concentration of add increases, and is replaced by a 
different relationship which could be represented by a different mathematical 
equation. An analogous system of curves is illustrated in the Technical 
Report of the Advisory Committee on Aeronautics (14). The curves in 
this case plotted to show the relation between inclination of chord and lift 
coefficient of aerofoils, show that at angles below 10*^ the curves are of the 
same general character, but at higher angles the curves differ widely. The 
change in the curves is attributed to a sudden alteration in the flow from 
an efficient to an inefficient type. Another instance where a relationship, 
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is known to change has been described by Martin Geoffrey (12) who found 
that a relationship (Stokes Law) which governs the fluid speed required to 
support particles of mattei; becomes unstable when the particles have 
reached a certain size and then a linear relationship comes into operation^ 
when the particles still further increase in size the second relationship in 
turn breaks down and is replaced by a parabolic one. 

The phenomenon under discussion is not solely due to the interaction 
of acid and sugar because it is only encountered when certain fungi are 
used, such as C. hdibimda, CE, P. coneglanensts, and P. cziri, Jaffa i8. 
It is therefore to be attributed to interaction between fungal strain and 
combination of acid and sugar. It is interesting to note that the saltants 
C. hidibimda^ CA^ and CCgdo not show systems of curves belonging to the 
exceptional type, although they were derived from the same parent as 
CJudibunda^CE. Curves showing a second maximum have been observed 
previously by certain pathologists working with simpler series. Thus 
Hopkins ( 11 ) when investigating the effect of acidity on the growth of the 
wheat scab organism found that growth increased with decreasing acidity, 
starting from pH 2*5, to a maximum at pH 4-0 -4-5, and then decreased to 
a minimum at pH 5-0-5-5 and rose again to another maximum. Robins 
( 13 ) found that when R. nigricans is grown on potato-dextrose agar it 
produced a double maximum curve, with a minimum between the two 
maxima at pH 5*2. 

Sucrose in combination with acid may favour growth more than 
glucose, or retard growth according to the fungal strain employed. In the 
case of fungi (C ludibtmda^ CE, and P* coneglanensis) showing a second 
maximum with glucose, the position of the second maximum is found at a 
higher level of acid and appearance of the second maximum is delayed. 
In the case of P. citri, Jaffa 18, the curve does not rise to a second 
maximum. 

The results obtained with fructose are difficult to interpret. When 
fructose is present in media where acid is absent or in which the level of 
acid is relatively low, it in general favours fungal spread more than glucose ; 
but when the level is relatively high then this relation is reversed. The 
peculiar growth reactions observed may not be due entirely to the fructose 
itself. Fructose is a somewhat unstable compound and may undergo 
change during sterilization or possibly some interaction takes place between 
fructose and acid when the ingredients of the medium are mixed together 
after sterilization. Nevertheless, whether the growth reactions mentioned 
above are due to fructose or decomposition products of fructose, they are 
not shown by all the fungi investigated, for example, P. citri, Jaffa 18, in 
which case no reversal of the growth reaction with increasing concentration 
; of acid Las been observed. ' 
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Results Considered in Relation to Changes in Rate of Invasion of 

the Apple FrtdL 

It is evident from the brief survey of results given above that inter- 
actions of acid, sugar, and fungal strain are of a very complex characten 
Certain combinations of acid and sugar will tend to favour, others to 
depress, fungal spread, and the effect on spread varies with fungal strain. 
The work of Haynes and Archbold (5) has shown that acid and sugar con- 
tent of apples varies widely with variety, and further that important changes 
in certain chemical constituents are associated with increasing age of fruit» 
The relative proportion of the three sugars (glucose, fructose, and sucrose) 
found in the fruit changes. The acid content is continually falling. Thus 
the acid, as estimated at the time of gathering, falls from 0-4 per cent to 
0-0 per cent in Worcester Pearmains ; in Cox^s Orange Pippin, from 
c*6 per cent to 0*2 per cent.; and in Bramley’s Seedling, from i-o per 
cent, to 0*5 per cent approximately. Total sugars vary within a narrower 
range. It will be seen that combinations of 9-13*5 per cent sugar and 
o-oa5~i-2oo per cent, acid correspond very closely with levels of sugar and 
acid found in apples. 

Horne (9) has recently attempted to co-ordinate the results obtained in 
this investigation and certain results derived from inoculation experiments. 
He states ‘If fungal growth in the living apple is conditioned by such 
chemical factors as influence rate of spread in media, then the following 
general rule should apply to apples. With nitrogen and sugar-content 
varying within narrow limits, rate of invasion should increase and resistance 
fail with diminishing acid. Again, with nitrogen and acid varying within 
narrow limits, rate of invasion should tend to increase and resistance fall 
with diminishing sugar ; rate of invasion and resistance should also vary 
with varying proportions of glucose, fructose, and sucrose. There are, 
however, important exceptions to this rule where fungi are concerned ' . 
Horne suggests that strains showing hyperbolic curves will conform to the 
general rule. But in cases where a maximal point is found at some critical 
concentration of acid or sugar, not zero, resistance will first fall and then 
rise. Curves of this type have actually been recorded by Horne (8) for 
F. fructigenum^ D and A, Coxs Orange Pippin. In the case of strains 
showing curves with a second maximum point, Horne (9) suggests ‘ In 
apples where the total sugars do not fall below nine per cent, of fresh 
weight, and the ratio F/(G -f- S) does not greatly exceed unity, resistance 
should fall with falling acid until a certain critical concentration is reached. 
With further fall in acid, resistance should first rise, and then fall rapidly 
as acidity approaches zero. Fluctuations in resistance may be expected 
with varieties of apple where acidity changes within a medium range of 
concentration'. Further experimental results obtained by Horne' (8) 
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support this view. Curves for Bramley’s Seedling apples, in which acidity 
falls from i-o per cent, to 0-5 per cent, approximately, show that resistance 
falls with increasing age of fruit. In Fig. four curves are presented 
representing progress of invasion in the Cox’s Orange Pippin (unbroken 
line) and Worcester Pearmaiii (broken line) varieties of apple by P. co7ie- 
glanensis (curves marked A), and C. Itidibunda^ CE (curves marked b) : 
the curves for coneglanensis have already been published ( 9 ). In the 
case of Cox’s Orange Pippin where acidity changes from 0*6 per cent, to 
0-3 per cent approximately, curves A and B are of the fluctuating type. 
Curve A corresponds very closely with curves A and B given in Fig. 
which represent spread in acid series containing sugars in proportions 
found in Cox’s Orange Pippin. A second maximum is shown in curve A 
(Fig. a6) on October 8th. As regards curve B (Fig. a6) a second maxi- 
mum is shown a week earlier. In the case of Worcester Pearmain where 
acidity changes from 0*4 per cent, to zero, approximately, curve B (A, 
cmieglanensis) shows that resistance falls with increasing age of fruit (fall- 
ing acid). Curve A (C. hidibtmda^ CE) shows a second maximum on 
October i : it resembles that portion of the curve 13-5 G, Fig. 3, which is 
situated between o-c2 A and 0-3 A. In making comparisons of rate of 
fungal invasion of fruit and rate of spread in media, it must be borne in 
mind that, as far as apples are concerned, nitrogen content is liable to vary 
with varieiy, whereas the level of nitrogen has been kept constant through- 
out the cultural work. The effect of varying nitrogen on the form of 
curves representing radial spread still needs investigation. 


Results Considered in Relatioji to Attacking Power of Strains, 

Das Gupta ( 3 , 4 ) working with several of the strains used in this 
investigation, has shown that the strains differ in their power of attacking 
apples and that the observed differences are in many cases significant. 
These strains, as the present author’s results show, differ also in rate of 
spread in synthetic media of given chemical composition. The nine 
curves given in Fig, 25 which represent the relation between radial spread, 
as recorded for nine strains, and acid concentration, in the medium made 
up to resemble Cox’s Orange Pippin apples, are all different These 
strains may be grouped in order of decreasing activity in the media as 
follows: group i, P. citri^ Jaffa 18 , and P, coneglanensis \ group 2, 
C, ludihtmda^ CE ; D, perniciosa^ DHF, and P, citric Brazil 20 ; group 3, 
£ 7 , ludihunda, CA4, and D, arctii ; and group 4, P. vexans and C. ludibtmda^ 
CCg. This order is in agreement with Das Gupta’s results : thus P. com-^ 
glanensis proved to be the most active strain tested ; C. ludibunda^ CE, 
less active ; C. ludibunda^ CCg, very weak, and so on. 

When the strains within groups are considered individually the order 
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changes with increasing concentration of acid. The order of attacking 
power may therefore be expected to vary with variety of apple, if the 
varieties differ in acidity, and with age of apples since acidity falls with age 
of fruit® This view is borne out by the results obtained by Das Gupta 



Fig. 26. Graph illustrating progress of fungal invasion in Cox’s Orange Pippin and Worcester 
Pearmain varieties of apple. A. Cytosporina htdibunda^ CE ; B. Fhomopsis cone^lanef2Szs» 

who compared attacking power of various strains as observed in different 
varieties of apple, apples of different age, and so on, using the method of 
analysis of variance. The analyses showed that both variety of apple (4) 
and age of fruit (3*4) may have a differential effect on attacking power of 
strains. For example, when Bramley’s Seedling apples were inoculated 
early in the storage season (acid high), C. hidibtmda, CC, proved more 
active than C. Itddibunda but when apples were inoculated on a much 
later occasion (acid low) the order of activity was reversed. 

IX. Summary. 

The effect on the rate of radial spread of certain fungal strains of 
change in the concentration of acid and sugar in a standard nutrient 
medium has been investigated. It is found that the relation between 
spread and various combinations of these variables is affected by fungal 
strain, the kind of Sugar, the concentration of the sugar, and if mixed 
sugars are used, the relative proportions of different sugars (glucose, 
sucrose, and fructose). 
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Systems of curves expressing this relation range from a system of 
hyperbolic curves to others which are exceedingly complex. The follow- 
ing specific examples may be given : (a) C. ludibunda, CA 4 . Spread is 
inversely proportional to acid concentration, (b) £7. ludihtinda^ CCg. 
Spread increases with increasing acid or glucose until an optimal concen- 
tration of acid or glucose is reached and then decreases ; (c) C. bidibtmda, 
CE, and P. coneglanensis. At the lowest glucose concentration the curves 
are nearly exponential, spread decreasing with increasing acid. As the 
concentration of glucose is increased the curves become more and more 
complex, showing a second maximum at highest glucose concentrations. 
All the curves comprised in this system tend to intersect at a point which 
represents a concentration of acid where spread is independent of glucose 
concentration. 

The various systems undergo modifications when sucrose or fructose 
or different proportions of glucose, fructose, and sucrose replace glucose in 
combination with acid. As a rule fructose favours growth at low concen- 
trations of acid, but at higher concentrations of acid the reverse effect is 
found. 

A series of media has been prepared where nitrogen, acid, and sugar 
are present in proportions found in apples at different times in storage life, 
as determined by chemical analysis. It is found that the curves represent- 
ing radial spread of certain strains in relation to the varied chemical com- 
position of the medium very closely resemble curves representing progress 
of invasion of the tissues of the fruit by the same strains. 

The strains may be arranged in the following order of decreasing 
spread in the media used in this investigation, (i) P. ciiri, Jaffa 18; 
P. coneglanensis. {%) C, ludibtmda^ CE; D. perniciosa^ DHF ; P. citri^ 
Brazil (3) C ludihunda^ CA4 ; D, arctiL (4) P. vexans ; £ 7 . ludibunda^ 
CC,. 

The order given above is also the order of power of attacking apples. 
When the strains in any one group are considered individually, the order 
varies with increasing acidity of media. A similar variation is also found 
with age of apple (acidity falling with advancing age) or with varieties of 
apple differing in acidity. 

This work has been carried out under the supervision of Dr. A. S. 
Horne, to whom the author is greatly indebted for his invaluable help and 
criticism. The author’s thanks are also due to Professor V. H. Blackman 
for the interest he has taken in this investigation, to Professor Sillick for 
ad\dce on the mathematical side of the problem, and to Mr. H. Tooley for 
the photographs of graphical representations. 
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Studies in the Physiology of Wood-destroying Fungi. 

I. The Effect of Nitrogen Content upon the Rate of Decay of 

Timber. 

BY 

W. P. K. FINDLAY, M.Sc., A.R.C.S. 

{Forest Products Research Laborato7y^ Priuces Rzsborou^hJ) 


Introduction. 

T he early history of wood preservation is full of references to the part 
played albuminous substances in the decay of timber, and the 
preservative effect of metallic salts was ascribed to their action in coagulat- 
ing the albumin. At a discussion on wood preservation held at the Institute 
of Civil Engineers in 1884 , Professor Voelcher stated that ‘the primary 
causes of decay of green wood were unquestionably the albuminoid sub- 
stances, and all the older processes such as impregnation with corrosive 
sublimate . . . were based upon the principle that • • . the albuminoids were 
precipitated and rendered insoluble and incapable of acting as ferments 
Boulton, in reply, quoted a number of authorities and an experiment which 
he had himself carried out with a hard-boiled egg in order to refute this 
theory (1). The work of Hartig and others swept away this idea of 
coagulating the albumin to prevent decay and showed that the rotting 
of wood is due solely to the action of fungi, usually Basidiomycetes, which 
have no regard to the condition of the albumin in the wood. 

Later the perishable nature of the sapwood of trees as compared to 
the durability of the heartwood was attributed to the presence of readily 
soluble food materials in the form of starch, sugars, and nitrogenous sub- 
stances in the sapwood. But work by Lutz (7), Hawley, Fleck, and 
Richards (4), Sowder, and others referred to by Hubert (5), has shown that 
the principal cause of the durability of the heartwood of certain species is 
the presence there of soluble extractives and volatile oils which are toxic 
to the fungi. Lutz states that the specificity of fungi on certain hosts is due 
not so much to their requiring certain food materials which are present in 
those timbers, as to the existence in the heartwood of substances such as 
tannins, which are toxic except to fungi which are specialized and can 
resist them. 

IAubeIs of Botany, VoI.XLVin. No. CI^XXXIX. January, 19344 
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Thus, the possible influence of soluble food materials in wood upon its 
rate of decay by fungi, which feed largely upon the substance of the cell 
wall, has been somewhat overlooked. Gaiimann (3) has found that the 
timber of spruce and fir felled at different times of the year in Switzerland 
shows varying resistance to fungal decay, but he ascribes this rather to 
different colloidal conditions of the cell wall than to varying quantities of 
soluble material in the cell. 

The well-known practice of adding nitrogenous substances to accelerate 
decay of straw and other carbohydrate materials (a feature of the ' Adco ' 
process) suggested that the activity of wood-destroying fungi might be 
affected in a similar wa}^ As far as can be ascertained, no direct experi- 
ments have been carried out on this subject, though it was stated by 
Hartig that wood in stables, where it is exposed to contamination with 
urine, is prone to dry rot : he seemed to attribute this chiefly to the action 
of the alkali produced in the form of ammonia. 

Horne (5) found that the rate of decay of apples by Cytosporina hidi- 
btmda^ CE, under the circumstances of his experiments, was almost directly 
proportional to the nitrogen content of the fruit, and that the effect of 
adding nitrogenous manures to the trees was evident in the increased 
susceptibility to decay of the fruit. 

Object of the present investigation. 

The present investigation was carried out to determine whether the 
rate of decay of wood by fungi is influenced by the nitrogen content of 
the wood. 

Experimen ial procedure. 

It had been found in the laboratory testing of wood preservatives 
that the attack of fungi on wood is very much more certain when the wood 
is placed in contact with an actively growing, undisturbed culture of the 
fungus than when small pieces of a culture are cut out and placed on 
the wood. 

Therefore, infection of the sample blocks was always carried out by 
placing them upon a culture of the fungus growing upon % per cent, malt 
extract agar in a modified form of the ‘ Kolle ^ culture flask which has 
already been described (2), and which contains in the neck a reservoir for 
moisture. The fungus is allowed to cover the surface of the medium before 
the blocks are introduced. In the first experiments the blocks were placed 
directly upon the medium, but it was found that they tended to become 
too wet for satisfactory growth of the fungi, and in later experiments they 
were supported on low glass frames so that the blocks came into contact 
only with fungus mycelium and not with the medium. 

The timbers used were seasoned heartwood of Canadian-grown Sitka 
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spruce {Picea siickensis) and outer wood of beech {Fagtis sylvaticd)^ the 
former timber being exposed to the attack of Trametes serialis Fr., and 
the latter to Poly Stic tus versicoloi^ (L.) Fr. 

The blocks were sterilized by oven-drying at ioo° C. for eighteen 
hours, and after being weighed were impregnated with the sterilized nitro- 
genous solution by means of a vacuum pump. They were allowed to soak 
ill the solution for a few minutes and then removed and allowed to dry 
down in an oven at a temperature of about 50° C. till most of the free 
water had gone from the cells. Good absorption was always obtained in 
this way, the blocks taking up about their own weight of solution. The 
control samples were injected with sterile distilled water only, but other- 
wise received identical treatment. 

The blocks were left exposed to fungus attack for two to three months 
at a temperature of 23° C. At the end of this period they were removed 
from the flasks, freed from adhering mycelium^ oven-dried and re-weighed. 
The loss in weight which gives a measure of the amount of decay caused 
by the action of the fungus is obtained by subtracting the final weight from 
the initial weight ; allowance being made for the dry weight of the added 
nitrogenous substance only where the concentration of the impregnating 
solution is greater than i-o per cent. The loss in weight is expressed as 
a percentage of the original dry weight of the wood. 

In every case ten blocks were tested at each concentration and ten 
control blocks were used, and the results are expressed as tlie arith- 
metic mean of the percentages. The averaged results obtained in each 
experiment are given below, only in the last experiment are they given 
in full. 

The moisture content of the blocks was estimated when they were 
removed from the flasks, and is based upon the oven-dry weight of wood. 

Experiment j. 


Timber: Sitka spruce. Fungus: Trametes serialis. 
Duration of experiment : 8 weeks. 


Cone, of sol. (%). 

Loss in 
wt. %. 

Moisture 
content %. 

2-0 ammonium nitrate 

9*66 

158-4 

I-O „ 


11*34 

IS7-2 

0-5 » 


12*95 

IS9-S 

0-25 


14*82 

, 148*8 

o-io „ 


19-36 

102*3 

Controls, distilled water 

16-15 

102*5 


In the samples treated with concentrations of ammonium nitrate 
higher than o*i per cent., the moisture contents were considerably higher 
than in the controls and far above the optimum for growth of T. seriaMs' 
in Sitka, which lies between forty and sixty per cent. 
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The pieces treated with o«i per cent, ammonium nitrate which had the 
same moisture content as the controls lost per cent more than the 
latterj an increase in the percentage loss of about 20 per cent, a figure 
which is probably just significant. The high moisture content of the blocks 
was due to their being in contact with medium from which the wood 
treated with the hygroscopic salt drew moisture. 


Experiment 2. 

Timber: beech. Fungous: Polystictus versicolor. 
Size of blocks : 3 x i x in. 

Duration of experiment : 8 weeks. 


Cone, of sol. (%). 

Loss in 
wt. %. 

Moisture 
content %. 

5*0 ammonium nitrate 

477 

92*2 

3-5 


9-14 

100*7 

l-o „ 

ff 

19*37 

937 

°-s 

jj 

15-52 

105*8 

0-25 „ 


21-67 

101*5 

Controls, distilled water only 

21-20 

io6*i 


Again the moisture contents were considerably too high for satisfactory 
growth, but also the higher concentrations of ammonium nitrate appear 
definitely to retard growth of the fungus. There is a small but not signifi- 
cant increase in the rate of decay of the specimens treated with the 0-25 
per cent, solution as compared with the controls. 


Experiment y 

Timber: beech. Fungus: Polystictus versicolor. 
Duration of experiment : 2 months. 


Cone, of sol. (%). 

0-2 ammonium nitrate 

0-05 

o-oi 

o-i asparagin 
o* I peptone 

Controls, distilled water only 


Loss in 

Moisture 

wt. %. 

content %. 

17-65 

39*1 

22*44 

40*9 

21*00 

38*3 

21*55 

34-8 

20*56 

387 

19*13 

35*4 

19-12 

39-2 


In this case the blocks were supported on glass frames and the 
moisture contents remained suitable for active fungus growth. The per- 
centage loss of weight was highest in the blocks treated with o-i per cent, 
ammonium nitrate, as in Experiment i, being 22-4 per cent, as compared 
with I 9 -I per cent, in the controls. 

No further experiments were carried out on beech. 
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Experiment 4. 

Timber: Sitka spruce. Fungus: Trametes serialis. 
Duration of experiment : 2 months. 

Final moisture 
content %. 


Cone, of sol. (%). 


Loss m wt. of 
blocks %. 


1*0 ammonium nitrate 

^’5 5» 

0*1 ,, 5, 

0*05 ^ jj 

Controls, distilled water 
0*5 peptone 
0*5 asparagin 


12-05 

46-3 

15-08 

48-6 

12-90 

40-8 

II-9I 

38-9 

10-62 

39-6 

12-49 

4 I-I 

14-28 

44-5 


In this experiment the blocks were supported on glass frames and the 
moisture contents were quite uniform. In every case the series which 
received additional nitrogen showed a higher percentage loss in weight 
than the controls which were injected with distilled water only. The 
highest losses in weight were shown in the series treated with 0*5 per cent, 
ammonium nitrate and with 0-5 per cent, asparagin, which lost 15-08 per 
cent, and 14-28 per cent, respectively, as compared with 10-62 per cent, in 
the controls. 


Experiment p. 

The detailed figures of this experiment which yielded the most definite 
results are shown in full below : 


Timber: Sitka spruce. Fungus: Trametes serialis. 
Size of specimens : 3 x i x J in. 

Duration of experiment: 12 weeks. 


No. of 
block. 

Init. 

Impreg- 


Final 


Loss 

Final 

%dry 

nating 

Remarks. 

oven-dry 

Loss. 

moisture 

wt. 

sol. 


wt. 


/o* 

content. 

I 

8*91 

I-O % 

Little superficial 

S-oi 

0*90 

lO'I 

151-2 

2 

8-69 

ammonium 

fungus growth ; sur- 

770 

0-99 

1 1-4 

136-1 

3 

8*60 

nitrate 

face of blocks rotted 

7-56 

1-04 

I2-I 

i8o*8 

4 

8-96 



8 -6r 

0-35 

3*9 

104*9 

5 

8*98 



S-I2 

0-86 

9-6 

113*2 

6 

8-38 



771 

0-67 

8-0 

173-9 

7 

8-64 



8-33 

0-31 

3-6 

107-9 

8 

8*51 



7-58 

0-93 

0*85 

1 0*9 

141-4 

9 

8-7S 



7-93 

97 

122*9 

10 

9-36 



8-38 

0*98 

10-5 

1*21*6 


Av. loss % — 8*98 : Av. m. c. = 135*4. 


II 

8-58 

0-5% 

Little superficial 

7 ' 3 i 

1-27 

14*8 

119*0 

12 

9*02 

ammonium 

fungus growth ; sur- 

7'98 

1-04 

•11*5 

102*1 

13 

8*79 

nitrate 

face of blocks rotted 

S-I 7 

0-62 

7-1 

132*5 

14 

8-68 



8-26 

0-42 

4*8 

117-5 

141*8 

15 

9*35 



8-41 

0-94 

10*1 

16 

9*04 



7*82 

1-22 

13-5 

146-4 

17 

8-74 



7*47 

1*27 

14*5 

144-6 

18 

8-82 



7-69 

1*13 

12-8 

129*1 

19 

9*37 



8-09 

1-28 

137 

119*6 

20 

8-98 



8-o8 

0-90 

10*0 

94-8 


Av. loss % 11*8 % : Av. m.-e., «T24*7«, 
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No. of 
block. 

Init 

%dry 

wt. 

2i 

S -44 

22 

8-46 

S 3 

S78 

24 

9-12 

25 

8-45 

26 

8-71 

S 7 

9*00 

28 

9*10 

29 

8*42 

30 

8*98 

31 

9-22 

32 

8*56 

33 

8-82 

34 

8-6o 

• 35 

8-42 

36 

9’o8 

37 

8-38 

3S 

8-49 

39 

8-86 

40 

8-92 

41 

9*17 

42 

872 

43 

9-09 

44 

8*46 

45 

8 * 3 S 

46 

8-94 

47 

873 

48 

9-36 

49 

9*08 

50 

§•65 

51 

9-23 

52 

8'8i 

S 3 

9-03 

54 

8-99 

5 S 

8-62 

56 

8*So 

57 

872 

58 

9*09 

59 

9‘il 

60 

9*05 

61 

9*09 

62 

9*22 

63 

8^97 

64 

9*13 

65 

8*62 

66 

^*57 

67 

9-30 

68 

8-68 

69 

S73 

70 

9 *S 4 
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Impreg- 


Final 


T rsQC 

Final 

nating 

Remarks. 

oven-dry Loss. 

X..< wO ^ 

0/ 

moisture 

sol. 


wt. 


/o* 

content. 

0*25 % 

Considerable super- 

7 * 4 S 

1*02 

12*1 

136*1 

ammonium 

ficial growth. Fruit 

7*20 

I «26 

14*9 

155*4 

nitrate 

bodies in Nos. 24 

7*52 

1-26 

14*3 

101*9 


and 25. 

7'8i 

1*31 

14*4 

93*8 



6-88 

177 

i8'6 

95*0 



7-i8 

1*53 

17-6 

ni *3 



7-40 

I *60 

17*8 

106*9 



7*41 

1*69 

18*6 

69*8 



6*68 

174 

20*7 

101*9 



7*72 

1*26 

14*0 

93*9 


Av. 

loss % = 

16*30: Av. m. c. 

== 106*6. 

0-1% 

Vigorous growth of 

7*02 

2*20 

23-9 

55*8 

ammonium 

fungus on surface 

5-88 

2*68 

31-3 

85*9 

nitrate 

of blocks. Fruit 

5*94 

2*88 

32-6 

57*9 


bodies on Nos. 31, 

5*78 

2*82 

32-8 

6o*6 


32, 35, and 40 

6-40 

2*02 

24-0 

55*2 



7*62 

2 -o6 

22*7 

66*0 



5*47 

2*91 

34*7 

63*1 



6*68 

1*8 1 

21*3 

68*5 



5*91 

2*95 

33*3 

62*6 



6*78 

2.14 

24*0 

85.8 


Av. loss in wt. % = 

= 28*06 : 

Av. m. c. 

. -66-I. 

Distilled 

Vigorous growth of 

7*86 

1*31 

14*3 

86*1 

water 

fungus. 

6*12 

2 *60 

29*8 

37*2 

(controls) 


6*38 

2*71 

29*8 

61*1 



6*13 

2*33 

27*5 

55*0 



5*73 

2*65 

31*6 

62*8 



6*17 

277 

3i'0 

5^*7 



7*92 

0-8 1 

9*3 

95*1 



6*76 

2 *6 o 

27-8 

55*2 



6*56 

272 

277 

54*6 



6*10 

2*55 

29.5 

567 


Av. loss in wt. % = 

= 25-83 : 

Av. m. c. 

= 62*3. 


I-O % 

peptone 


1 - 0 % 

asparagin 


Vigorous growth of 

5*12 

4*11 

44*5 

8i*4 

fungus* Blocks 

5*29 

3*52 

40*0 

63*0 

completely rotted 

4*82 

4 -si 

46*6 

72*2 

through. 

5-46 

3*53 

39*3 

66*3 


5-58 

3*04 

35*3 

62*6 


5-33 

3*47 

39*4 

68*9 


5*02 

3*50 

41*0 

667 


5 *06 

4*03 

44*4 

64*0 


5.50 

3*6i 

39*6 

66*2 


5*60 

3*45 

3 S-I 

69-9 


Av, loss 

in wt. % « 

! 40*82 : 

Av. m, c 

= 67*7. 

Vigorous growth of 

5*62 

3*47 

38*2 

65*1 

fungus. Blocks 

6*02 

3*20 

34*7 

64*3 

completely rotted 

6*09 

2-88 

32‘X 

49*6 

through. 

5*13 

4*00 

43*8 

71*0 


5*79 

2-83 

32.8 

64*3 


5*54 

3*03 

35*4 

61*0 


5*28 

4*02 

43*2 

6 'o*4 


5-46 

3-22 

ZTi 

66*9 


5-32 

3*21 

37*6 

65*0 


6*02 

3*22 

34*9 

6o*8 

Av, loss 

in wt, % =5 

= 36*9^: 

Av. m, c 

. 62*8. 



Wood’destroying Fungi. L 115 

In this experiment the moisture contents of the first three series of 
samples (those treated with i*o, 0-50, and 0*25 per cent* ammonium nitrate) 
was much above that of the controls, and no comparison between the loss 
in weight figures is possible* 

Considering the other series, in which the moisture contents were 
approximately equal, the samples treated with o*i per cent ammonium 
nitrate lost 28-06 per cent, as compared with 25-83 per cent, in the con- 
trols, a difference that is possibly significant. The effect of adding an 
organic source of nitrogen was, however, very marked, the average loss in 
weight of the blocks treated with 1*0 per cent, peptone was 40-82 per cent* 
and of those treated with i-o per cent, asparagin was 36-98 per cent., 
a percentage increase of 57-6 and 43-2 respectively, as compared with the 
loss in the controls. 


Discussion. 

In each of the three experiments with Sitka spimce detailed above, 
the effect of adding small quantities of nitrogen in the form of an inorganic 
salt was to increase the rate of decay, when moisture conditions in the 
treated and in the control blocks were comparable. The largest increase 
with ammonium nitrate was obtained in Experiment 4, where the controls 
lost 30-62 per cent, and the specimens treated with 0-5 per cent, of the salt 
lost 35-08 per cent., an increase of 42-1 per cent, over the percentage lost 
in the controls. 

The figures obtained in the experiments with beech blocks are less 
significant; it is probable that the nitrogen content in the form of dried 
protoplasm, &c., is greater in the outer wood (sapwood) of beech than in 
the heartwood of spruce, and for this reason the later experiments were 
carried out on the latter timber. 

The addition of an organic source of nitrogen in the form of peptone 
or asparagin markedly stimulated the growth of the fungus, and the loss in 
weight due to decay was increased from 25-8 per cent, in the controls to 
40*8 per cent, in the peptone treated and to 37-0 per cent, in the asparagin 
treated, increases upon the control percentage of 57-6 per cent, and 43-2 per 
cent, respectively, which are undoubtedly significant. It has generally been 
found that the higher fungi respond more favourably to an organic than to 
an inorganic source of nitrogen, though they are capable, to a certain 
degree, of utilizing ammonium and nitrate compounds for their nitrogen 
requirements. 

When the composition of fungus mycelium in relation to the com- 
position of the wood, from which it is deriving its food material, is con- 
sidered, it is not surprising that the addition of nitrogenous compounds has 
a favourable effect upon growth. The chemical composition of fungus 
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mycelium is still a matter of discussion, and doubtless it vaiies con- 
siderabiy in different species, as well as in different parts of the same 
fungus plant. The cell walls of woody forms such as 'Bonus give the 
pHoroglucin reaction for lignin, and some recent work by Thom and 
Phillips ( 9 ) indicates that a large percentage of lignin may be present in 
species such as Trametes pmi (54*08 per cent.) and F, tgniarms 3 *^* 9 .) 
cent. But most workers have agreed that a considerable percentage of the 
cell wail consists of a chitin-like body, which is stated to be identical with 
animal cliitin. Now chitin contains just over 6 per cent, of nitrogen, and 
in addition to this must be added the nitrogen in the cell contents. Few 
exact figures are available for the nitrogen content of fungus mycelium, 
particularly as regards wood-destroying fungi. Thorpe quotes figures for 
the protein content of various fleshy fungi which expressed as percentages 
of the dry weight are as follows : 

Psallioia campestris 47*5 cent. 

Polyp or tts ovinus 11-9 „ 

Coprimis comaUis 35- 1 „ 

Calculating the nitrogen as 1/6 of the protein the figures are roughly 
8-0 per cent., per cent., and ( 5 -o per cent, respectively, indicating a wide 
variation. Turning now to the nitrogen content of wood, Schorger (8) states 
that this varies from o* i to 0-3, seldom exceeding the latter figure. The Sitka 
spruce used in the present investigation was found to contain 0*04 per cent, 
of nitrogen, while the nitrogen content of the mycelium of Polysticius versF 
color ^ which had been removed from the surface of a block of decayed 
beech wood, was o-68 per cent, of the dry weight at 100°, and that of the 
mycelium of T, seiBalis scraped from the surface of an agar culture was 
1*7 per ceiit.^ Comparing the concentration of nitrogen in T, serialis with 
that in the wood upon which it was feeding, it will be seen that it was 
roughly forty times as great, indicating a considerable accumulation of 
nitrogen by the fungus. It is therefore obvious that wood substance con- 
sidered as a food material for fungi is very deficient in nitrogen. Therefore 
the addition of nitrogen in a form readily available to the fungus, such as 
peptone, might be expected to stimulate growth, and such has been found 
to be the case. 

In practice it has often been observed that timber decays more rapidly 
in rich soils than in poor, and this may in part be accounted for by the 
greater supply of nitrogen resulting in a greater fungus population of such 
soils, which leads to more intense infection and to the infiltration of 
nitrogenous substances into the timber, rendering it more readily 
decomposable, 

^ The author is indebted to 0r. Janet Brown of the Imperial College of Science for kindly 
carrying out the nitrogen determinations by microchemical methods. 
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Summary. 

The early theories regarding the influence of albuminous substances 
upon the decay of wood are briefly reviewed. 

Experiments are described in which small blocks of the wood of Sitka 
spruce (Fieea sitchensis) and of beech {Fagus sylvatica) were treated with 
various concentrations of nitrogenous substances and exposed to the attack 
of the fungi, T, serialis and P, versicolor^ growing under controlled 
conditions. 

The results obtained showed that ammonium nitrate in low con- 
centrations slightly increases the rate of decay of the spruce wood by 
T. serialis and possibly of beech by P, versicolor. Treatment of Sitka 
spruce with organic sources of nitrogen caused a large increase in the loss 
of weight due to decay. Specimens treated with 1*0 per cent peptone 
losing 40-8!:^ per cent., as compared with a loss by the controls over the 
same period of 25*83 per cent. 

The author wishes to express his thanks to Sir Ralph Pearson, 
Director of Forest Products Research, for kind permission to publish these 
results, and to K. St. G. Cartwright, Esq., for his interest and advice. 
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I. Introduction. 

E arlier papers from this station have described work leading to 
the conclusion that in the cotton plant transport, from the foliage 
region, of carbohydrates, of nitrogen, and also of phosphorus and potassium 
takes place via the phloem, and that this movement of material has 
a gradient basis. There seem to be two ways in which a gradient of 
mobile material between a region of supply and a region of utilization 
might determine the observed rapid movement of materials along the 

1 Paper No. 10 from the Physiological Department of the Cotton Research Station, Trinidad. , 
J Annals of Botauy, Vol. XX.VIIL No. CLXXXIX. Jaanary, 1934.3 
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intervening' phloem track, namely (i) by the diffubive spread of each 
mobile substance independently, the rate of spread for all mobile sub- 
stances being accelerated by some mechanism in the phloem ; (a) by mass 
flow of sap, containing all the mobile materials, from the region of higher 
turgor pressure (region of supply) to the region of lower turgor pressure 
(region of utilization). Although the latter view has iccently been very 
ably reformulated and defended by Miinch (9), while the former is at the 
basis of the well-known streaming hypothesis of de Vries ('i) and, later, of 
Curtis (1), neither can at present be regarded as more than working; 
hypotheses to guide experimental attack on the problem. 

As suggested in the previous paper of this series (8), a simple test of 
the tw'o alternatives wmuld be to endeavour to obtain evidence of the 
movement of different materials in opposite directions along the same 
region of phloem. The normal upward movement of soil nutrients towards 
the foliage region of the cotton plant does not provide such a test, for this 
upward movement appears to take place via the wood. Further experi- 
ments along these lines have, however, been carried out and will be 
presented in a subsequent paper in which the two alternative possibilities 
for phloem transport will be more fully discussed. In the present paper 
we are concerned with the question whether the observed gradients of 
mobile material in the phloem of cotton are consistent with our working 
hypothesis that movement is determined independently for each by its 
concentration gradient. 

A simple relation was found (7) between the observed concentration 
gradient of sugars in the bark, and the rate and direction of carbohjxiratc 
transport For nitrogen, however, it was found (6) that, with the possible 
exception of the residual nitrogen fraction, the concentration gradients of 
the soluble organic nitrogen fractions were in the opposite direction to the 
normal downward transport. In order to maintain the original hypothesis 
it was necessary to postulate (6) a storage component, masking the 
dynamic component of translocatory material, in the observed gradient.s. 
This postulate was based on the facts that (i) arresting longitudinal move- 
ment abolished the originally positive vertical gradient of sugars, but 
steepened the negative gradient of crystalloid nitrogen ; (a) that reversal 
of the normal direction of movement along the main axis was accom])anied 
by a reversal of the gradient of sugar concentration in the inner region of 
the bark, and a steepening of the originally negative gradient of crystalloid 
nitrogen. We interpreted these changes in the observed crystalloid N- 
gradient as being due to the abolition or reversal of a positive dynamic 
gradient, superimposed on a relatively permanent storage gradient of 
greater magnitude. It seemed that while the concentration of the storage 
component might vary with age and history of the plant, yet regions at 
different vertical levels might normally differ in a characteristic way, the 
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concentrations being greater in the lower regions which are^ of course^, 
the older. 

Although the further question of characterizing the storage and 
dynamic components in chemical terms or in terms of localization in 
different tissues of the bark had to be left undecided, some evidence was 
obtained suggesting that the storage component might consist mainly of 
asparagine. Thus the results of radial subdivision of the bark indicated 
that whereas asparagine predominated in the ray tissues, the other organic 
crystalloid factions, amino acid and residual N, were present mainly in the 
sieve-tube region. Again, the negative gradient of crystalloid N in the 
bark as a whole was mainly a negative gradient of asparagine. Owing to 
the fact that the amount of sap available did not always permit the full 
fractionation of the crystalloid N, the contribution of the amino acid and 
residual N fractions to the storage and dynamic components, respectively, 
could not be decided. For phosphorus and potassium, which we found to 
be, like nitrogen, transported downwards from the foliage region via the 
phloem, similar dynamic and static components had to be postulated (8), 
since the total vertical gradients were mainly negative. 

The work described in the present paper represents an approach from 
a slightly different angle. In discussing with Dr. F. F. Blackman the 
general conception of a vertical gradient in a storage component masking 
a translocatory gradient, he suggested that this would be given a broader 
basis if it were found to be supported by an ontogenetic study of the 
vertical distribution of concentrations in the main axis. In order to make 
the information bearing on transport as complete as possible it was decided 
to include phosphorus, potassium, and calcium as well as carbohydrates 
and nitrogen fractions in the determinations made. At the same time the 
use of a newer method of estimating inorganic nitrogen, requiring smaller 
volumes of sap, made it possible to determine all the crystalloid N fractions 
on every sample. Information as to the vertical gradients of residual N is 
therefore more complete than in previous work. 

The chief points on which information was sought were (i) how do 
the vertical gradients in the bark behave as development proceeds? 
(c^) what evidence docs the time series give of storage of any particular 
class of compound ? 

II. Plan of Work. 

The plants were sown on November 14, 1928. Flowering and fruiting 
were prevented by removal of flower buds. Vegetative branches also were 
removed as they appeared, so that the plants consisted of the main axis 
bearing main axis leaves and leafy fruiting branches. 

The population was graded at the beginning of January and repre- 
sentative samples, of twenty-five plants each, drawn for collection at 
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(roughly) monthly intervals. Two such samples were taken at each 
collection. The main axis was subdivided into zones, as shown in the 

table below : 

Table I. 

Scheme for Subdivision of Main Axis. 

Collection No. 1234 

Days from sowing 70 98 1 31 159 

Root zone R. Main root from ground level to 9" below ground level. 

Stem zone i. Ground level to ist fruiting branch, 7 internodes. 

„ „ 2. 1st to 8th fruiting branch, 7 internodes. 

3. 8th to 15th fruiting branch, 7 internodes, 

’’ 4. 15th to 2 1 St fruiting branch, 6 internodes. 

’’ 3. 2ist to 28th fruiting branch, 7 intemodes. 

The four or five immature internodes of stem zones 3, 4, and 5 at 
collections i, 2,, and 3, were not sampled. These were still elongating and 
the bark could not well be separated from the wood. 

Collection was made between 8 a.m. and 9 a.m. The stems were cut 
into the correct zones and the bark separated from the wood. The roots 
were dug up, washed clean, laterals removed, and the main root trimmed 
to 9 in. from ground level. They were then dried with filter paper, and 
bark and wood were separated. After determining the fresh weight of the 
samples, subsamples were taken in the usual way for moisture determina- 
tion, while the bulk of each sample was at once frozen at — 15*^ C. 

On the sap subsequently expressed from the frozen material the 
following were determined : reducing sugars, sucrose, total crystalloid N, 
asparagine N, amino acid N, ammonia N, nitrate N, total solids, and 
weight of water per 5 c.c. sap. The methods used were those described 
previously (6, 7 ) with the exception that ammonia N and nitrate N were 
determined by the aspiration method at room temperature of Sessions and 
Shfve ( 10 ). For some of the collections determinations were made also of 
the freezing-point depression and the electrical conductivity. 

The following determinations, using the methods previously described 
(6, 7, 8), were made on the dried material : acid hydrolysable polysaccliar- 
rides, total N (including nitrates), total phosphorus, total potassium, total 
calcium. 

IIL Drift of Concentrations and Gradients. 

(a) General Considerations. 

Presentation of concentration gradients offers no special difficulty. 
These are in all cases given as grm. or mg. per 100 grm. water. The case 
is different when we wish to discuss accumulation or storage. With one 
exception (the root zone for the first collection) the data obtained . enable 
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ws to calculate the total amount of each substance present in each zone at 
each collection. Increase or decrease in the content for any zone is thus 
known without the uncertainty that arises when we know only the com” 
position per 100 grm. fresh weight or dry weight or ash weight. Should 
we find a decrease following an increase it would seem reasonable to speak 
of remobilization for utilization elsewhere and to consider part of the 
previous increase as representing temporary storage. But where we have 
increases only we cannot decide without some further information how far 
these represent (i) normal increase due to tissue growth, or {%) accumula- 
tion and storage. It is commonly assumed that either fresh weight or dry 
weight provides a valid basis of reference for this purpose, so that increase 
or decrease relative to dry weight or fresh weight may be taken as evidence 
of accumulation or depletion. Clearly this would be true only when no 
substance other than the one under examination showed either accumula- 
tion or depletion, or when the individual accumulations of some exactly 
balanced the depletions of others. Thus no generally valid basis of refer- 
ence can be constructed from the weights either of all or of some of the 
materials present in any region of the plant. We can at most obtain 
evidence of the increase of any one substance relative to certain others 
which may also be increasing or decreasing. The significance of any 
observed increase so measured will vary with the particular reference line 
chosen. 

In this paper we make use of three reference lines as follows : (i) fresh 
weight, chosen because of its common use and as a rough measure of bulk 
growth ; (2) weight of water, chosen as being the basis for the sap concen- 
tration gradients; (3) weight of total carbohydrate material, chosen as 
representing, firstly, material derived by photosynthetic activity from the 
air as against materials derived from the soil, secondly, material which, in 
the form of cell walls, &c., normally accumulates in stem tissues as they age. 

A survey of the situation from this point of view is given in Fig. i, 
which shows the drift in time of the values for these reference lines and 
also for total nitrogen, phosphorus, potassium, and calcium. Since we are 
interested in relative changes the values plotted are the common logarithms of 
the actual weights per zone, and the vertical scales have been displaced so 
as to make the points for all materials at collection I coincide. The figure 
is for the bark and wood of the first two stem zones, since these cover the 
whole period of the experiment. As in previous papers, we take, as our 
estimate of total carbohydrate material, dry weight — 57 N— ash. 

All materials increase rapidly during the first period, and much more 
slowly during the second period, while in the third period there is either 
no change or only a sliglxt rise or fall. Of the three reference lines, water 
content increases least, and total carbohydrate most, while fresh weight is 
intermediate. The increasing divergence is due, no doubt, to accumulation 
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of polysaccliarides and thickening of cell walls as the tissues mature, and 
naturally is much more marked in the wood. Considering now the 
behaviour of total N with respect to the three reference lines, a very sigiii- 
ficant difference between bark and wood is manifest. In the bark total N 
increases more rapidly even than total carbohydrate, so that if w'c regard 
the carbohydrate increase as an accumulation we find a still !nt)rc marked 
accumulation of nitrogen. In the wood, on tlie other hand, total N 
increases less rapidly than even fresh weight, so that although there is an 
increase in concentration per ico grm. water, it seems doubtful whether we 
may speak of accumulation. 

For phosphorus the increase in the bark is, up to collection 5, inter- 
mediate between that of total N and total carbohydrate ; in the last period 
there is a decrease. Thus there is evidence for storage of phosphorus in 
the bark. In the wood the increase of phosphorus is not far below that of 
total carbohydrate, and again there is a decrease in the last period. Thus, 
relative to nitrogen, storage of phosphorus is much more marked in wood 
than in bark. 

Potassium shows no sign of accumulation, the increase being, in every 
case, very close to that for water. The increase of calcium in the bark is 
about the same as that of fresh weight, but continues right up to the last 
collection. In the wood there is marked accumulation of calcium up to 
collection 3, after which there is little change. 

These differences in the behaviour of the four elements will be discussed 
more fully later in connexion with the vertical gradients. 

(b) Carbohydrates. 

(i) Gradients. 

The sugar gradients in bark and wood are shown in Fig. % The total 
sugar gradients in the bark are consistently positive from the highest 
region of stem sampled down to the roots. The gradients are steep at 
collections i and 2 but show a marked fall at collection 3. This change in 
gradient forms a very close and suggestive parallel to the marked fall in 
rate of growth of the basal stem zones shown in l"ig. 1 , and would seem to 
be a good confirmation of the general position that rate of carbohydrate 
transport is determined by magnitude of sugar gradient in the phloem. 
As in all previous observations on cotton, the total sugar gradient is almost 
entirely a gradient of sucrose, and the change in this gradient during 
development is again due to change in sucrose. Reducing sugars appear, 
however, to contribute to the gradient from lowest stem zone to root zone. 
A further point of interest is that while the general level of sucrose concen- 
tration falls as the plant matures, that of reducing sugars rises. 

; In; the wood there appears To be no consistent vertical gradient of 
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total sugars ; the sucrose gradients are, on the whole, negative, and the 
reducing sugar gradients positive. There is a marked rise in general level 
of concentration up to collection a but little change thereafter. la as far 



Fig. 2, Sugar concentrations in bark and wood, grm. per loo grm. water. Curves for successive 
collections are numbered (i), (2), (3), (4). 


as these changes in bark and wood are an index of changes in the sieve- 
tubes and in the living cells of the .wood respectively^ the gradient of 
sugars, and hi particular the gradient of sucrose into the wood, should fall 
off markedly in all zones as the plant ages and also as we approach the 
base of the stem. This is in agreement with the fact that the rate of 
increase of total carbohydrate material 'in each wood zone falls rapidly 
with age 'and falls steadily also as we approach the base. 
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Table II. 


Zone I, 
Zone 2. 
Zone 3. 
Zone 4. 


Rate of increase in total 
carbohydrate inateriai. 

Mean gradient of total 
sugars from bark 
to wood. 

Mean gradient of 
sucrose from bark to 
wood. 

% per week. 

Period. Period. Period. 

Period. Period. 

Period. 

Period. 

Period. Period. 

1-2. 2-3- 3-4. 

1-2. 2-3. 

3“4. 

1-2. 

2-3. 3-4. 

35 M*5 3*5 

3*35 2-62 

2-22 

1-49 

0*02 — 0*54 

47 17 3 

378 3-27 

271 

2-02 

0*63 0-03 

23 6 

3*94 

3*33 


1-63 0-63 

16 


3-26 


0*89 


The agreement is, of course, only in general drift, and cannot be 
stressed, but it is suggestive. 

{%) Carbohydrate reserves. 

The acid-hydrolysable polysaccharides, which may be regarded as the 
main storage component of the total carbohydrate gradients, increase in 
concentration from above downwards, i.e. they show a negative gradient. 
In Table III we give the polysaccharide values per 100 grm. total carbo- 
hydrate material, and it will be seen that even on the basis of this, the 
highest of the three possible reference lines (cf. Fig. i), there is a steady 
accumulation during development, especially in the bark. 


Table IIL 


Acid-hydrolysable Polysaccharides grm, per too grm. 
Total Carbohydrate Material. 

Bark. Wood. 


Collection No. 

I. 

2. 

3 - 

4. 

I. 

2, 

3 ‘ 

4. 

Root zone R. 

17*3 

23-6 

37*5 

37*9 

15-9 

20-5 

287 

28-9 

Seni zone i. 

18*2 

20-3 

25-1 

30-2 

15-4 

19*3 

27*2 

27*2 

j, ,, 2. 

17^S 

I9‘i 

26*4 

28*2 

14*0 

17*5 

23-6 

21*5 

y? 3’ 


17*4 

25-1 

24*9 


19*3 

23*4 

20'0 

» 4 * 



22*0 

237 



24-1 

18-2 


(c) Nitrogen. 

(1) Gradients. 

The vertical gradients of total N, protein N, and crystalloid N are 
shown in Fig. 3. In the bark, where, as we have seen, total N accumulates 
with age, the general level of concentration rises very markedly with time, 
and the stem gradients are negative. There is, however, a positive gradient 
of total N from stem to root. In the wood, on the other hand, the general 
level of concentration changes little and the gradients are, on the whole, 
positive, though small Accumulation of crystalloid N in the bark is even 
more marked than that of protein N and it is mainly this fraction which 
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determines the negative gradient. In the t|iree basal stem zones and the 
root zone this accumulation of crystalloid N appears, at collections 3 and 4. 



Fig, 3, Concentrations of total, protein, and crystalloid nitrogen in bark and wood. Mg, per 

100 grm. water. 


to have reached a saturation value, so that the negative gradient is 
flattened out in these regions. The results strongly support the view that 
the crystalloid N includes an important storage component which up to a 
point accumulates with age and is in consequence normally present in 
higher concentration in the more mature zones. 
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The curves for the individual crystalloid N fractions (Fig. 4) indicate 
that in all probability this storage component is asparagine N. This 



Fig. 4. Concentrations of crystalloid nitrogen fractions in bark and wood. Mg. per 

100 grm. water, 

fraction accounts for the greater part of the negative gradient at the earlier 
collections, while its tendency to reach a level value in the lower zones at 
the later collections allows of the appearance of a slight positive net 
gradient in these zones at the last collection* Amino acid N increases 
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with agCj but the general concentration level is low and there is little sign 
of any vertical gradient. Nitrates fall with age and show no gradient* 
Ammonia N first rises and then falls with age, but again shows only small 
vertical gradients. Residual N, on the other hand, shows, with one excep- 
tion (Stem zone i to Root zone at collection i), a consistent positive 
gradient from near the apex downwards. If, as seems possible, this 
fraction, or some considerable part of it, represents the dynamic component 
of the crystalloid N gradient in the bark, the fall in concentration from the 
next highest to the highest zone sampled would suggest that nitrogen is 
moving from about the centre of the foliage region via the phloem both 
downwards towards the root and upwards towards the less mature apical 
regions. If so, we should have movement of carbohydrate in some upper 
zones in opposition to the movement of nitrogen, for the sugar gradient is 
positive up to the highest zone sampled. 

One further point of interest may be noted. The residual N gradient 
shows no sign of that diminution with maturity that was so characteristic 
of the sugar gradients. If nitrogen movement is determined mainly by 
the gradient of residual N, then downward movement of nitrogen from the 
foliage region must be proceeding as rapidly in the later as in the earlier 
stages of development, while downward movement of carbohydrates is 
slowing off. A study of rates of movement during the life-history might 
throw light on this question, which has an important bearing on the 
general problem of the independence of the movement of different 
materials along the phloem. 

The gradients in the wood do not call for much comment. Aspara- 
gine has, except in the upper zones, a positive gradient and, especially in 
the basal zones, there is only a small increase during development. 
Residual N in the wood on the whole resembles residual N in the bark 
and maintains a concentration level about as great. The concentration in 
the sieve-tubes (cf. 6) should be very much greater than in the bark as a 
whole, but the concentration for the living cells of the wood will also be 
greater than that for the wood as a whole, so that, while the general 
parallelism suggests transport from bark to wood as residual N, no close 
estimate of the gradient can be made. 

{%) Storage, 

We concluded earlier (p. 124) that as the plant grows total nitrogen 
accumulates in the bark, and from a consideration of the changes in con- 
centration (per 100 grm. water) of the nitrogen fractions we have sug- 
gested that this is due to storage partly as protein, but partly also as a 
crystallo'id fraction, namely asparagine. Fig. 5 enables us to test the three 
important nitrogen fractions protein N, asparagine N, and residual N in the 
same way as we tested total N earlier (Fig. 1), The values plotted are for 
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Fig. 5. Relative increments of carbohydrate and of nitrogen fractions in bark and wood. .The 
values plotted are the increments, since collection i, in the common logarithms of the weights per 
zone, of each material. W* water; TX» « total carbohydrate material; T.s. » total : sugars; 
Ps. -- polysaccharides; p.N. «= protein N ; a.N. *= asparagine N ; P.N. » residual N. , , , 
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the first two stem zon es and represent the increases in the common 
logarithms of the actual weights per zone from collection i onwards. Two 
reference lines — water content and total carbohydrate material— arc given 
andj for comparison, polysaccharides and total sugars also. 

In the bark the increase of protein is as great or greater than the 
increase of total carbohydrate (the highest of the reference lines), but this is 
far exceeded by the increase of asparagine. Even polysaccharides lag far 
behind asparagine. Residual N at first increases only a little more rapidly 
than water content ; later it reaches, and finally exceeds, the increase of 
protein, but still remains well below the asparagine value. The results 
confirm our general picture of the storage of asparagine in the bark 
tissues as these age, leading to a negative vertical gradient of total crystal- 
loid N in the main axis. Assuming that residual N represents mainly 
translocatory nitrogen, the increased concentration during development 
must mean continued export of nitrogen from the leaves coupled, perhaps, 
with a diminished rate of utilization for new tissue growth in stem and 
root. 

In the wood the greatest accumulation is shown by polysaccharides, 
while the nitrogen fractions increase only at about the same rate as fresh 
weight (intermediate between total carbohydrate material and water). 
Asparagine is, if anything, lower than residual N, while protein is definitely 
below both. Thus there does not seem to be accumulation of any 
nitrogen fraction in the wood. 


(d) Phosphorns, 

Fig. 6 gives the concentrations (per too grm. water), the actual 
weights of total phosphorus per zone, and also the values per 100 grrxL 
fresh weight and per 100 grm. total carbohydrate material. Wc saw 
earlier that, whereas nitrogen accumulated mainly in the bark of the two 
basal stem zones, phosphorus accumulated both in bark and in wood. 
This stonage is followed by depletion from these zones during the last 
period. It is interesting therefore to note that, while the concentration 
gradient from stem to root is consistently positive, that along the stem 
only becomes positive in the later collections when storage in the basal 
zones is ceasing or being replaced by depletion. Taking total carbo- 
hydrate as our reference line we see that, in the root zone, phosphorus is 
the same at collections 1 and z but then falls. In stem zone i it increases 
slightly up to collection 2 and then falls. In stem zone 2 it increases up to 
collection 3 and then falls. In stem zone 3 it increases for one period, 
then remains stationary, while in stem zone 4 it increases for the first (only) 
period observed. On this basis the early period of rapid growth of any zone 
of bark is marked by phosphorus storage, the mature period of slower 
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growth by cessation of storage or a depletion. This behaviour will pro- 
duce changing gradients of storage phosphorus in the main axis so that 



Fig. 6. Weights of phosphorus per zone in bark and wood, and concentrations per loo grm. 
water, per loo grm. fresh weight, and per loo grm. total carbohydrate material. 


even if there is a consistent gradient of mobile phosphorus from the foliage 
region downwards, the gradients of total phosphorus may be sometimes 
negative and sometimes positive. We found earlier (8) during periods 
when there was evidence of downward movement of phosphorus from the 
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foliage region, sometimes a small negative and sometimes a small positive 
gradient of total phosphorus in the bark. The present evidence as to 
storage of phosphorus confirms the suggestion that this might be due to 
the existence of a negative gradient of storage phosphorus. 



Fig. 7. Weights of potassium per zone in bark and wood, and concentrations per 100 grm. water. 


In the wood phosphorus increases more rapidly than fresh weight in 
the root and two basal stem zones up to collection 3, after which there is 
a decrease. There is little sign of storage in the upper stem zones and tlic 
concentration gradients in the stem (per 100 grm. water) are consistently 
negative. 


(e) Potassium. 

The weights of total potassium per zone, and the concentration per 
3 00 grm. water, are shown in Fig. 7. Since there is, except perhaps in 
the root, no marked increase in concentration during development but 
rather a fall, especially in the wood, no suggestion of accumulation in the 
older zones of the stem arises, and it is unnecessary to give the values 
relative to the other reference lines, fresh weight and total carbohydrate 
material. The actual weight values show that, unlike phosphorus, which 
in the earlier periods accumulated rapidly and in the last period was 
depleted, potassium does not decrease during the last period, but may 
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increase slightly. There is thus no indication except^ possibly for the root 
zone, of storage of potassium in a way that would produce a negative 
gradient in the bark of the stem. In conformity with this we find the 
concentration gradients consistently positive in the bark of the stem. In 
the wood also the gradients are positive but flatten out as development 
proceeds. 

In earlier work we found (8), during periods when there was evidence 
of downward movement of potassium from the foliage region, negative 
gradients of total potassium in the bark, and suggested that these might be 
due to static gradients of immobile or storage potassium. We noted, 
however, that as the general level of concentration in the bark fell from 
about 0-4 to 0-34 per cent., the negative gradient also fell to about zero. 
It seemed probable, therefore, that under conditions of diminished supply 
there might be no appreciable storage and the vertical gradient in the bark 
might be positive, representing the positive d3mamic gradient with its 
transport head in the foliage region. In the present experiment that 
expectation seems to be realized, for the stem gradients are consistently 
positive and the time changes show there is no storage. In addition, the 
concentration level for the two basal zones, which correspond to the upper 
and lower regions of earlier experiments, is about 0-34 per cent., i.e. much 
below the previous value of 0*4 per cent., which was associated with 
a definite negative gradient. 


(f) Calcium. 

The concentrations of total calcium (per 100 grm. water), the actual 
weights per zone, and the values per 100 grm. fresh weight and 100 grm. 
total carbohydrate are shown in Fig. 8. The amount present increases 
steadily right up to the last collection, notably in the root. The concen- 
tration per Joo grm. water rises both in wood and bark, and we find a 
definite rise, especially in the wood, in percentage of fresh weight. From 
collection % onwards accumulation of calcium appears to keep pace with 
accumulation of total carbohydrate material (the highest of our reference 
lines). 

In the earlier paper we suggested that the consistent negative 
gradients found for calcium might be due to a steady accumulation of 
this element with age. (In view of the doubt whether the calcium accumu- 
lating in the leaf or in the stem can be remobilized we prefer to speak of 
accumulation rather than of storage, which would imply the possibility of 
re-utilization.) The present results confirm that suggestion. 

(g) Osmotic Pressure, 

For collections 3 and 3 determinations were made, on the sap expressed 
from the bark, of freezing-point depression and of electrical conductivity. 



Fig, 8.^ 'Weiglits of calcium per zone in bark and "wood, and concentrations per loo grm, water, 
per loo grm. fresb weighty and per loo grm. total carbohydrate material 

By an oversight the curves for successive collections have not been' numbered 'in the 6gure. 
^Curves for Collections i and 4 (continuous lines) terminate at Zones 2 and 5 respectively. Cttives 
fox' Collections 2 and ^ (broken lines) terminate at Zones 3 and 4 respectively. 
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For collection 3 similar observations were made also on the wood sap» 
The results are shown in Fig. 9. 

At collection a there is, in the bark, a steep positive gradient of 
osmotic pressure, but like the gradient of sugars this has very considerably 
diminished by collection 3. The significance, for transport, of the total 
osmotic pressure gradient in the phloem will be discussed in greater detail 
in a later paper dealing more directly with the theory of Miincli. Two 
features of the present data call, however^ for some comment here, firstly 
the magnitude of the gradient observed, and secondly its composition. 

At collection 2 the decrements in freezing-point depression from 
zone % to zone i and from zone i to root zone are 0-095° and 0-115° 
respectively. The distance between mid points of the zones concerned are 
18 cm. and 21 cm. respectively ; so that we have osmotic pressure gradients 

of 6-3 1^= — vj and 6-6 = — J atmospheres per metre. This 

is very much greater than the gradient recorded by Dixon and Atkins ( 4 ) 
for the bark of Poptdus^vlz. 1-3 atmospheres in 12 metres, or that found by 
Flarris, Gortner, and Lawrence ( 5 ) for leaves inserted at different levels on 
trees of Bettila and Robvnia. It is not, however, much more than would be 
expected from the vertical gradients of sugars already observed in the bark 
of cotton ( 7 ). These would produce osmotic pressure gradients of 2 to 5 
atmospheres per metre. In the bark as a whole the positive gradient due 
to sugars is offset by a negative gradient due to total crystalloid N but, as 
we shall see later, other substances may contribute to a positive gradient of 
osmotic pressure. 

In the figure the contribution due to sugars is shown by the curves 
marked A^. At collection 2 this is less steep than the total A curve, but 
at collection 3 it is more steep. The contribution, A^^^, made by sugars 
and organic nitrogen combined has been estimated by allowing 2 atoms N 
per molecule for asparagine N, i atom per molecule for amino acid N,and 
if atoms N per molecule for residual N. The effect of including organic 
N is, of course, to diminish the positive gradient in the lower I'egions of the 
main axis and to make the gradient in the topmost region negative. Sub- 
tracting A34.JJ from the observed A there is a residue A^, representing the 
contribution made to osmotic pressure by substances not estimated. At 
collection 2 this fraction contributes appreciably to the total positive 
gradient of A but has a negligible gradient at collection 3. The general 
parallelism between the curves for this fraction (AJ and for specific con- 
ductivity (K) suggests that the residual osmotic pressure is due to electro- 
lytes. Taking the average values for each collection of bark or wood we 
find that the ratio K/A^^ is 0-0134 and 0*0196 for the bark, collections 2 
and 3, and 0-0148 for the wood, collection 3. For values of K, at o® C,, of 
the order 500 x 10“''" the K/A ratio for uni-univalent salts ranges froin o-oii 
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(Na. acetate) to o-oai (KCl). For salts with bi- or trivalent ions the ratio 
would be higher. In view of the fact that correction for viscosity of the 
expressed sap would increase the observed K values by about 20 per cent. 



Fig. 9.^ Freezing-point depression and specific conductivity of sap expressed from bark and 
wood. A = observed freezing-point depression ; As - A due to sugars; As+.n; s-- A due to sugars 
and soluble organic N fractions; A„ = residual A or A — Ac.^; K » observed specific con- 
ductivity at 0° C. 

it seems that the K/A ratio observed is not far from wliat might be 
expected if the whole of the residual A were due to electrolyte.s. Appar- 
ently, therefore, an appreciable part of the total osmotic pressure gradient 
in the bark of cotton may at times be due to clectrolyte.s. Thus might be 
expected from the fact that some ash constituents as well as sugars and 
organic N are exported from the foliage of cotton and move down the 
phloem. 

The gradients considered here are, of course, gradients in the bark 
tissues as a whole. In the sieve-tube region the total osmotic pre.ssurc 
gradient should be very much greater, for the sugar gradient is mainly 
confined to this region, while the negative gradient of crystalloid N is 
probably due mainly to storage in rays and cortex. Thus Munch’s postu- 
late of considerable vertical gradients of osmotic pressure in the conducting 
^ In tile figure As + N should be 
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channels of the phloem, a postulate for which veiy little direct evidence 
was available at the time, is confirmed for the cotton plant. It is interest- 
ing to note that Dixon’s recent observations (3) on the sap exuding from 
phloem punctures in Fraximis excelsior indicate osmotic pressure gradients, 
for the sieve-tube sap, of 3 to 9 atmospheres per metre, i.e. values many 
times as great as those found previously for the whole bark of trees 
and ranging above those now recorded for the whole bark of cotton. 
Whether this gradient of osmotic pressure actually produces a mass flow of 
solution along the sieve tubes is, however, a matter for further discussion. 

IV. General Discussion of the Vertical Gradients of 
Nutrient Elements. 

The general question under investigation is whether the observed 
vertical gradients of nitrogen, phosphorus, potassium, and calcium in the 
bark of cotton are consistent with the view that the downward movement 
of each from the foliage region is determined by the existence in the 
phloem of a positive concentration gradient of the mobile form of each. 
(In the case of calcium the dynamic gradient must be negligibly small, for 
we could find no evidence of movement.) We had, in general, found 
negative gradients for all these elements and had suggested that the 
dynamic gradient of mobile material was being masked by a static 
gradient of storage or immobile material, the negative sign of this gradient 
being due to the longer time during which the lower zones of the stem 
had been accumulating. It seemed possible also that, if supply of any 
nutrient element were restricted storage might be very much diminished, so 
that the static gradient would no longer mask the dynamic gradient. 

In the present series of observations the ontogeny shows in the bark 
very marked accumulation of nitrogen, storage of phosphorus followed by 
depletion, steady accumulation of calcium, but no accumulation of potas- 
sium. In conformity with this ontogeny we find consistent negative 
gradients of total nitrogen and total calcium, and gradients of total 
phosphorus which are initially negative but become positive later ; the total 
potassium gradients, on the other hand, are consistently positive. In the 
case of phosphorus and potassium we cannot at present analyse the 
gradients any further since no fractionation was carried out. There is, 
however, some evidence from earlier work (8) that where there is a negative 
gradient of these two elements in the bark as a whole, it is due very largely 
to the outer half of the bark which consists principally of cortex and ray 
tissue. In the case of nitrogen the present observations show that the 
most marked accumulation is that of a crystalloid fraction— the asparagine 
N. The steep negative gradient resulting from this storage of asparagine 
almost completely masks a consistent positive gradient in the other main 
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component of the ciystalloid N, namely the residual N« Only in the later 
periods, when accumulation of asparagine appears to be ceasing, does the 
total crystalloid N gradient show any signs of becoming positive* This 
behaviour of asparagine N and residual N respectively is in conformity with 
what has already been noted (p. I2i) as to their distribution in the tissues 
of the bark. 

While much more work must be done before we can defuiitely 
identify residual N as the chief form for nitrogen transport along the 
phloem of cotton, or before we can assert that longitudinal movement of 
nitrogen is definitely associated with a gradient of this fraction in the 
direction of movement, it is clear that some at least of the difficulties 
presented by the observed vertical gradients of ciystalloid nitrogen have 
been removed. In general the working hypothesis, that movement of 
materials along the phloem is determined independently for each material 
by the concentration gradient of its mobile form in the channel of transport, 
would seem to be strengthened by the results of this study. 

V. Summary. 

I. The changes, during development, in the amounts of different 
materials present in successive zones of the main axis of cotton are recorded 
by observations at monthly intervals. 

a. Using three reference lines, namely (i) fresh weight, (ii) water 
content, (iii) total carbohydrate material, the following conclusions as to 
storage of different materials during development are reached : {a) Poly- 
saccharides accumulate steadily, especially in the bark ; {b) total N accu- 
mulates in the bark even more markedly than polysaccharides, but shows 
little, if any, accumulation in the wood ; {c) phosphorus accumulates rapidly 
in the bark and also in the wood It shows depletion from the lower zones 
during the final period ; [d) calcium increases in the bark steadily up to 
the last collection, but only at about the same rate as fresh weight* It shows 
some accumulation in the wood ; {c) potassium shows no sign of accumu- 
lation. 

3. Where there is evidence of storage of material in the bark, the 
vertical concentration gradients (per 100 grm. water) are negative. Potas- 
sium, which in this experiment shows no sign of storage, has a consistent 
positive gradient. The results suppoxl the view that the observed negative 
gradients are due to a negative storage component masking a dynamic 
component of freely mobile material 

4. Stoi'age of nitrogen in the bark takes place very largely as aspara- 
gine N and this fraction is responsible for the observed negative gradient of 
crystalloid N. Residual N, on the other hand, maintains a consistent 
positive gradient and may represent the mobile component. 
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5« The vertical gradients of sugar concentration and of total osmotic 
pressure in the bark are steep in the early stages when growth is more 
rapid, but flatten out as development proceeds. Electrolytes may contri- 
bute to the total positive osmotic pressure gradient. 
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The Electric Charge of the Colloid Particles 
of Protoplasm. 


BY 

B. SEN. 

( Vivehanatida Laboratory^ Baghbaza?', Calcutta.) 

With Plate I and one Figure in the Text. 

T he electric charge of particles in colloidal suspension is best detected 
and measured by cataphoresis, that is, by observing their migration 
when an electric current is passed through the solution. If the particles are 
positively charged they migrate towards the cathode, if negatively charged, 
towards the anode. Heilbrunn (7) in his monograph brings out clearly: 
(i) the importance of the electric charge of the colloidal particles of proto- 
plasm ; (ii) the difficulties involved in cataphoresis experiments with living 
protoplasm ; and (iii) the caution that should be used in interpreting the 
results of observation. 

Since Bois-Reymond (14), observed the starch grains in the living 
cells of a potato tuber migrate towards the anode, numerous investigators 
have studied the effect of the electric current on the movement of the 
contents of living cells, alike plant and animal Jiirgensen (8), Kiihne 
(9), Vclten (19), Verworn (20), and Taylor (17) observed directly under the 
microscope the movement of the cell contents due to the passage of an 
electric current, and McClendon (10), Hardy (6), and Meier (11) passed an 
electric current through a tissue and, fixing it immediately, observed in the 
sections the disposition of the cell contents. The conclusions of these 
investigators are, however, not in accord. The observations of Kiihiie on 
myxomycete plasmodium, of Verworn on amoeba, of Hardy on onion-root 
tip, would indicate that the particles of protoplasm are positively charged ; 
while those of Kiihne on Tradescantia hair, of Jiirgensen on Vailisneria, 
of McClendon on hyacinth root, of Meier on pea root-tip, of Taylor on 
myxom37‘cetes, would indicate that the particles of protoplasm are negatively 
charged ; those of Velten with low current intensity on streaming plant 
protoplasm and of Verworn on Aethaliim septicum would indicate nothing 
about the nature of the electric charge, since they found that the particles 
of protoplasm would move either to the anode or to the cathode if they 

[Annals of Botany, Vol, XLVIII* No, CLXXXIX. January, X934»] 
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migrated at all In view of conflicting results, this problem, has been 
investigated afresh. (For a comprehensive survey of the existing literature, 
see Heilbrunn’s monograph.) 


The Material. 

It is obvious that the cataphoretic response of the particles of proto- 
plasm in a living cell is best studied when a single cell is subjected to a 
uniform electric field and the migration of the particles Is observed directly 
under the microscope. Gaidukov (4) and Price (13) have described the 
advantages of the dark-ground illumination for observing the movements 
of the protoplasmic suspension. But the use of the dark-field limits the 
choice of material The cell has to be either a unicellular organism or a 
cell of a tissue one cell thick ; the outer membrane or the cell wall must 
be optically homogeneous ; the diameter of the cell must not be so small 
that the diffraction image of the wall interferes with the observation of the 
cell contents; and the cell must not contain a large number of bodies 
which scatter light. 

In 1930 Professor Robert Chambers and I tried to determine the 
electric charge of the protoplasmic granules oi Amoeba dubia and A,protetts 
in his New York laboratory. On account of the natural movement of 
the granules, we could come to no conclusion from our cataphorcsis 
experiments with these animals, I have since tried other protozoa, Halo-- 
mastigotoides from termites and Opalma, Nyctotheriis^ and Balantidum 
from toads and frogs, but found them equally unsuitable for cataphorcsis 
experiments. 

A mature plant cell offers one special advantage in that the entire cell 
contents is enclosed in the inelastic cell wall Several plant hairs from 
petioles of Urtica dioica (stinging nettle), of Cuctirbita pepo, and of Ocimum 
sanctum have been examined, but these, on account of the streaming move- 
ment of their protoplasm, are not the best materials for cataphorcsis 
experiments. Only the apical end of the Urtica hair, which is filled with 
the protoplasmic granules, can be used for observing the cataphoretic 
response of the granules, since the velocity of their streaming movement is 
considerably less at the apical end than in the rest of the cell 

For microscopic observation of the cataphoretic migration of the 
particles of protoplasm in a single living cell, the electrodes of necessity 
have to be very near the ends of the cell, and since protoplasm is at once 
a very sensitive and complex material the complications due to electrolysis 
and other secondary changes have to be taken into account. These 
disturbances can be minimized by (i) using a low intensity of current for 
a short period, and by (ii) observing the migration ot the particles equi- 
distant from the electrodes (see 18) immediately the current is switched on, 
Tor the' magnitude of the electrode disturbances will be proportional to the 
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intensity and duration of the current, and the cataphoretic response of 
colloid particles in suspension is practically instantaneous. Cotton and 
Moiitoii (2) have shown that the colloid particles can easily follow an 
alternation of the direction of a current exceeding 1,000 per second. But 
to observe the instantaneous cataphoretic response in a living ceil there 
should be no autonomous movement of the protoplasm apart from the 
Brownian movement of the particles. 

The root-hairs of the water fern Azolla pinnata^ which I first found 
quite accidentally in my Nitella supply, seem to be an ideal material for 
cataplioresis experiments with living protoplasm. The many advantages 
of Azolla are : (i) it grows in great abundance throughout the year in fresh 
water ; (ii) the number of hairs in a single root of Azolla varies from 400 
to 700 and thus comparable material for several experiments is available ; 
(ill) the root hairs (always single cells) can be easily isolated under water, 
their natural environment, and kept alive for twenty-four hours under suit- 
able mounting ; (iv) the length of individual root hairs varies from o*5 mm. 
to mm., and the diameter from i6jut to so the root hairs are very 
suitable for observations in the dark-field ; and (v), except for a few /xs 
at the tip and at the base, an Azolla root hair is practically a cellulose 
capillary of uniform diameter filled with transparent protoplasm in which 
the only natural movement that can be observed is the Brownian movement 
of the protoplasmic suspension. 

The Experimental Arrangement. 

The general experimental arrangement is similar to the arrangement 
that has already been described ( 16 ). Plant hairs are isolated by teasing 
under water with a needle sharpened at the end to a knife edge. Isolated 
hairs are then transferred to a drop of water on a very clean, fat-free coverslip 
and, after removal of any excess water with a micro-pipette, are covered, 
together with their surrounding thin film of water, with liquid paraffin 
(nujol) to prevent evaporation. The coverslip is then inverted with a sharp 
twist and placed over the chamber of the microscope. Urtica hair thus 
mounted will continue to show the streaming movement of the protoplasm 
for more than three days, and the root hairs of Azolla the Brownian move- 
ment of the colloid particles of protoplasm for more than twentyToiir hours. 

Leitz’s cardioid condenser, which can be used with Chambers's micro- 
manipulators, was employed for the dark-field observations. For micro- 
scope illumination a 400 c.p. projection lamp was used for visual observa- 
tions and a Leitz's small arc lamp for micro-photographs. A litre flask 
containing alum solution was placed in the path of the light to cut off the 
heat rays as far as possible. , 

The electric connexions with the hair were made by bringing up the 

L 
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electrodes with the help of the micro-manipulators to the siirroiinding film 
of water* The electrodes were connected in series with a sensitive galvano- 
meter and an accumulator. A tapping key was used for switching the 
current on and off, and a mercury reversing key for changing the direction 
of the current. The galvanometer was kept short-circuited when not 
required for measuring the intensity of the current flowing through the fdm 
of water surrounding the hair. From this measurement, of course, no idea 
could be formed as to the current which actually flowed through the proto- 
plasm of the cell. 

Preliminary experiments showed that all types of electrodes — platinum, 
platinum-iridium, silver-silver chloride, and agar electrodes of the Gelfan (5) 
type — gave exactly similar results. Since platinized glass electrodes (15) 
could be easily made, and particularly of any required shape and size of 
contact surface, those of the shape as in the text-figure were chiefly used. 

Experiments. 

Observations were taken ten to fifteen minutes after the hair was 
mounted in a hanging-drop preparation. The portion of the hair to be 
observed was first brought in the field of the high-power objective, 
and then, under the lowest magnification, the electrodes were pushed up 
into the surrounding film of water, as far away from the ends of the cell as 
possible, and in appropriate positions to subject the entire length of the 
hair to a uniform electric field (see Text-fig.). To avoid unnecessary 
heating, the light was kept on only for the period of observation. With 
the particles of protoplasm of the hair in the focus of the high-power 
objective the current was switched on and off, and also its direction was 
reversed, and the consequent cataphoretic response of the particles of 
protoplasm was simultaneously observed. 

Observations with the petiole hair of Urtica dioiga: Experiment 1.-— 
Normal microscope illumination (transmitted light) was chiefly used for 
these observations. As already stated, only in the apical end of a hair of 
Urtica dwtea can one observe the cataphoretic response of its protoplasmic 
granules. Over fifty hairs were examined with different types of electrodes. 
It was invariably found that when the electrode near the tip of the hair 
was made the cathode, the particles of protoplasm moved away from the 
tip-end, and that at the break of the current the particles migrated back to 
the tip. When the current was reversed, i.e., when the electrode near the 
tip was made the anode, the protoplasmic granules accumulated at the tip. 
On account of the natural streaming movement of the protoplasm of the 
hair, these effects were not very striking. The electric field to which the hair 
was subjected varied from 4 to 40 volts per cm., but in every case the 
immediate response of the granules was the same, i.e,, they moved towards 
the anode and away from the cathode, irrespective of the intensity of the 
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current* It was found that, when the intensity of the current flowing 
through the water film surrounding the hair did not exceed 15 micro- 
amperes and its duration was not more than 5 seconds, the cataphoretic 
response of the protoplasmic granules of the Urtica hair could be observed 



at least a dozen times in the same hair. With higher intensities and pro- 
longed duration of the current the protoplasm is injured and coagulates 
towards the tip if the adjacent electrode happens to be the anode, and 
away from it if the cathode. Only at the break of currents of low intensities 
could the reverse movement of the granules- be observed. 

Observations with the root hair of Azolla pinnata : Experiment a. — • 
The protoplasm of the root hair of Aeolla is very transparent, and its 
particles are difficult to distiriguish under normal microscope illumination, 
therefore all observations with Azolla root hair were made under the dark- 
field* The protoplasmic particles of the root hair in the dark-field appear 
as bright dots and dashes in vigorous Brownian movement The tip of the 
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hair can be used for photomicrography of the cataphoretic displacement 
of the particles of living protoplasm, and one can measure the velocity of 
single particles in the middle portion of the hair (Plate I, Fig. i). Out of 
the several hairs in a preparation (Text-fig.) only those without any sign of 
injury were used for experimental observation. The cataphoretic response 
of the' protoplasmic particles, described in the previous experimeiitj was 
observed more strikingly in the root hairs of Amelia, i.e., the protoplasmic 
particles migrated towards that end of the cell whose adjacent electrode 
was made the anode. The micro-photographs given in Plate I bring out 
clearly that (i) when the electrode adjacent to the tip of the hair was made 
the cathode the cytoplasmic particles moved away from it ; (ii) at the 
' break ’ of the cathode the particles moved back in the reverse direction ; 
(ill) at the ^ make ^ of the anode the protoplasmic particles moved towards 
the tip; (iv) at the ‘ break ^ of the anode the particles moved away; and 
lastly (v) in course of the experimental conditions the protoplasm of the 
root hair was not injured, since the same root hair could be used to observe 
the cataphoretic responses of the cytoplasmic particles several times, in 
spite of the fact that a rather high intensity (20 micro-amperes) was used 
to secure photographs. 

Cataphoretic velocity of different cytoplasmic particles of Azolla root 
hair: Experiment 3. — The middle portion of the Azolla root hair (see 
Plate I, P'ig. i), where the cytoplasmic particles would be fairly equidistant 
from the electrodes, was used for the measurement of the cataphoretic 
velocity of the particles. In view of the fact that the root hair is cylin- 
drical, no accurate optical section was possible, particularly in the dark-field. 
The microscope was focused at the maxim.um breadth of the cell The 
velocity of single particles was observed by noting the time it took to 
cover a definite number of the scale divisions of the micrometer eye-piece 
immediately the current was switched on. When the intensity of the 
current flowing through the surrounding film of water was low (less than 
10 micro-amperes) and its duration not more than 5 seconds, several 
observations could be taken on the same hair. As has already been 
stated, no definite idea can be obtained of the potential gradient to which the 
protoplasm inside the hair is subjected, and therefore the actual cataphoretic 
velocity of the protoplasmic particles per volt/cra. per second could not be 
determined. But the velocity of the different particles of the same hair when 
subjected to varying potential differences between the electrodes was 
observed. ^ More than fifty root hairs of Azolla were examined, and in 
every one it was found that (i) the particles very near the cell walls scarcely 
moved, and, if at all, towards the cathode ; (ii) particles farther away from 
the cell walls-whlch alone would show true cataphoretic migrations (see 
12)-moved towards that end of the cell adjacent to the anode; (iii) 
immediately at the ' break ' of the current there was a reverse movement of 



Colloid Particles of Protoplasm. 149 

the particles ; (iv) the particles which appeared to be about midway 
between the cell walls (accurate determination of the position of the 
particles was impossible) showed the maximum velocity, irrespective of 
their shape or size ; and (v) the velocity of the particles of a hair increased 
proportionately with the increase of potential between the electrodes. The 
velocity of migration of the different particles in the same hair was found 
to be very uniform for several determinations including reversal of the 
direction of the current. Table I gives the details of a typical observation 
on a single root hair. 


Table L 

Cataphoretic Velocity of the Protoplasmic Particles of a Shigle 
Root Hair of Azolla, 

(P) approximate diameter of the particle \ (V) volts between electrodes ; (S) distance 
covered in time (t) ; (c.v.) calculated velocity of particles per second ; R, with direction 
of the current reversed. Length of hair = 1*67 mm., diameter = 22^. 


.(P-) 

(V.) 

(S.) 

(t.) 

(c.v.) 

in /X, 

volts. 

cm. X 10 \ 

secs. 

cm. X 10 i 

0*5 

2 

26 

5 

5.2 

2*0 

2 R 

16 

3 

5*3 

i-o 

2 

16 

3 

5*3 

2*0 

2R 

22 

4 

5*5 

0*5 

4 

32 

3 

10*6 

2*0 

4R 

21 

2 

lo-s 


Conclusion. 

The streaming granules of the Uriica hair are protoplasmic particles, 
and so also are the particles in the root hairs of Azolla^ the cataphoretic 
migration of which has been observed in the experiments described 
above. That the particles of protoplasm are electrically charged is a well 
established fact (see 7). The Brownian movement of the particles of 
Azolla root hair shows that they are freely suspended in the dispersion 
medium of the protoplasm, and have no autonomous movement. The 
observed migration of the particles lying about midway between the cell 
walls which is induced by the passage of an electric current is thus due to 
cataphoresis. That the different protoplasmic particles of varying shapes 
and sizes showed the same cataphoretic velocity is in accord with von 
Smoluchowskfs formula for cataphoresis, which has been experimentally 
verified by Abramson and Michaelis (1). They found that in dilute protein 
solutions (a) the velocity of cataphoresis did not depend to any measurable 
extent on the bulk conductivity of the suspended particles, and ( 1 ) globules 
of paraffin oil or mastic 1 p, to 5 in diameter, needles of asbestos from 
just visible lengths to 70 fi, and needles of m-aminobenzoic acid crystals 
lip to 100 /I long showed, within the limits of the experimental error, the 
same cataphoretic velocity. 
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It has been shown that as long as the current continues the proto™ 
plasmic particles of different shapes and sizes visible under the dark-field 
move towards the anode, and that reverse movement of the particles takes 
place immediately at the break of the current, when the intensity and 
duration of the current is not sufficient to injure the protoplasm^ With 
high intensity of current the protoplasm coagulates at the anodic end of 
the cell. From the results of the experiments the conclusion must be drawn 
that the protoplasmic particles, at least of the petiole hairs of U> dioica 
and of the root hair of A, pinnata, are negatively charged, and so far as the 
changes induced in a living cell by the migration of its protoplasmic 
particles are concerned, the effect at the ^ break ^ at the anode is similar to 
that at the ^ make ^ at the cathode. 

Summary. 

The cataphoretic migration of the particles of living protoplasm in the 
single cells of the petiole hair of Uriica dioica and of the root hair of Ajsolla 
pinnata has been observed in dark-field with a hanging-drop preparation. 

These observations show that (i) the particles of protoplasm carry a 
negative charge, since their cataphoretic migration is always towards that 
end of the cell whose adjacent electrode is made the anode ; (ii) immediately 
at the ^ break ’ of the current the particles migrate in the opposite direction ; 
(iii) when the intensity of the current is not such as to injure the proto- 
plasm, these observations can be repeated several times on the same hair 
with reversal of the direction of current. Further, the velocity of cata- 
phoretic migration of single particles of protoplasm of the A:^oUa root hair 
has been measured, and this velocity has been found to be independent of 
the shape and size of the particles. 

I take this opportunity to acknowledge the generous financial help, 
from which the expense of this investigation has been met, received from 
Mr. and Mrs. L. K. Elmhirst and Mr. and Mrs. H. Crowley. I am 
indebted to Prof. L. V. Heiibrunn for valuable suggestions, to Prof. A. V. 
Hill for his criticism of this paper, and to Mr, S. M. Sircar, Research 
Scholar of this Laboratory, for helpful assistance with some of the obser- 
vations. 
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explanation of plate I. 

Illustrating Mr. B. Sen’s paper on ‘The Electric Charge of the Colloid Particles of Protoplasm’. 

All the figures are dark-field photomicrographs of the root hair of Azollct pinnata. 

Fig. I. Middle portion of root hair where the cataphorelic velocity of the particles is most 
clearly observed. 

Fig. 2. Tip of root hair. 

F'igs. 3-5. Cataphoretic effect with cathode near tip of root hair. 

Pigs. 6-S. Similar to Figs. 3-5, but immediately at break at cathode. 

Figs. 9 and 10. Immediately at ‘make’ at anode. 

Fig. 1 1 and 1 2. Immediately at ‘ break ’ at anode. 
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Meiosis and Catenation in Certain Crosses of 
Oenothera rubricalyx,^ 

BY 

M. VERBRUGGE, B.Sc. 

With Plate II and three Figures in the Text 

Introduction. 

T his work was primarily undertaken to determine the catenation in 
certain crosses of 0 . rubricalyx. The material was collected during 
August of 1931 from plants grown by Prof. Gates in Regent’s Park. 
I wish to thank Miss K. Goodwin and Mr. D. G. Catcheside for allowing 
me to use some of the material which they collected. 

The buds were collected only between 11 a.m. and 3 p.m. (summer 
time) on fairly bright days, as this was found to be the time during which 
diakinesis was taking place. Whenever possible, plants which had not 
begun to flower were chosen, buds of all sizes being removed in order, 
from those containing pollen to small scarcely differentiated ones. After 
removal of the sepals and petals the bud was dipped into Carnoy’s fluid for 
about 30 seconds, to dissolve the waxy excrescences, and then rinsed in 
water. The tops of the anthers and the ovary were cut off with a pair of 
sharp scissors, to allow more rapid penetration, and the bud was dropped 
into a bottle of fixative, which was then attached to the exhaust pump. 
Flemming’s weak solution was perhaps best, though the medium solution 
also gave good results. The fixative 2B of La Cour ( 23 ) was not at all 
suitable for this material, as it caused a great deal of shrinkage and dis- 
tortion of the cells. 

For embedding, the chloroform method recommended by La Cour 
( 23 ) was used. Most of the sections were cut 14 fx in thickness, as this 
gave a good proportion of uncut nuclei without interfering with the stain. 
Sections were stained with the gentian violet and iodine, and the gentian 
violet, iodine, and chromic acid methods of La Cour ( 23 ) ; both gave 
satisfactory results. 

1 Thesis approved for the degree of Master of Science in the University of London. 

[Annals of Botany, Vol. XLVIII. No. CLXXXIX. January. 1934.] 
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Part L 

Stages before diakinesis. 

As the pollen mother-cells grow they become rounded and seem to 
press out the tapetal cells, since these become rather irregularly arranged^ 
Between the pollen mother-cells can be seen small spaces at the angles. 
As the pollen mother-cells continue their growth they become more regular 
in shape, with more spaces between them. The wall thickens and the 
cytoplasm becomes more granular, while the nucleus is now nearly 
spherical. It is also very much larger, having grown comparatively much 
more than the cytoplasm. The nuclear membrane is extremely thin and 
the nucleolus sometimes appears to be firmly pressed against it, and is 
then lens-shaped. The threads, which are much thicker and shorter, only 
touch the membrane at intervals. Sometimes they have the beaded 
appearance which is often seen in threads at this stage (PL II, Fig. a). The 
tapetal cells are again seen to be larger, and they are now biniicleate. 

Following this, the cells are more rounded off, while the wall is 
slightly thicker. The nucleus is smaller than before, and is seen to 
contain threads which are still shorter and thicker. The nucleolus usually 
stains more faintly, but in some material of (7. riibricalyx x 0* blandina 
the endonucleolus described by Cleland (3), Sheffield (36), Kulkarni 
(22), and others, is visible as a small darkly stained dot. Sometimes the 
thread seems to be connected to the nucleolus by means of the endo- 
nucleolus, but this was not found in many cases. In one pollen mother- 
cell a nucleolus was seen in which the endonucleolus appears to be divided 
(PL II, Fig. 4). In the material of O. deserens x 0. rubricalyx the 
endonucleolus was not seen, but the nucleoli were as darkly staining as the 
thread. 

PL IT, Pig. 3, of O. rubricalyx X 0. blandina shows a nucleus with a very 
much tangled thread. On careful examination it was possible to see that 
along the threads were considerably thinner portions which apparently 
represent the connexions between the chromosomes. I, II, show a small 
complete ring which appears to be made up of two chromosomes. Ill, IV, 
V, seem to be three chromosomes which form part of a ring or chain, the 
rest of which could not be followed in the tangled mass of threads. Chromo- 
some IV is seen to touch the membrane near the middle of its length. 
(The chromosomes have been drawn slightly thicker than they appear, to 
make the figure clearer.) 

In the stage which follows, the threads are still shorter and thicker, 
and the nucleolus is usually very pale. It was extremely difficult to trace 
the threads along their whole length, but it was often possible at this stage to 
distinguish one or two separate rings. PL II, Fig. 5, of (7. deserens x 0. rubri- 
calyx (in which the catenation is a ring of four chromosomes and five ring 
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pairs) shows a nucleus in which it was possible to make out five small ringSy 
IIj IIIj IV, V, and one larger ring VL 

The threads continue to condense and are now seen to be definitely 
made up of chromosomes. Usually they are rather tangled, but in several 
places they radiate out towards the periphery (PL II, Fig. 6), and the 
nucleolus is still present. 

Diakinesis. 

The pollen mother-cells are rounded off, fairly thick walled, and con- 
tain coarsely granular cytoplasm, in the centre of which is the spherical 
nucleus. The membrane is now so thin that it sometimes only becomes 
visible after very careful focusing. The nucleolus is present, but it is 
usually very pale. In several nuclei more than one nucleolus could be seen 
(PL II, Fig. 10). At this stage the catenation can be determined fairly 
easily, the chromosomes are fairly regular in outline, and similar in shape 
and size, and are definitely arranged in groups. Often the pairs are inter- 
locked with each other or with the ring. PI. II, Fig. 9, shows all the pairs 
interlocked with the ring. The configuration varies in the different forms, 
and these will be dealt with in Part II. 

Later stages. 

The characteristic zigzag arrangement of the chromosomes can be 
seen in a large number of pollen mother-cells. PL II, Fig. 12, shows the 
beginning of the zigzag orientation within the nucleus, and PI II, Figs. 19, 
20, show a later stage. Sometimes it is seen that two neighbouring chromo- 
somes are moving in the same direction, so that non-disjunction will result. 
PL II, Fig. 16, shows some of the connexions broken, and along the fibres 
can be seen thickenings of chromatic material, so that it appears that some 
active force must be pulling the chromosomes apart and towards the poles. 

The telophase stages and the homotypic division correspond to those 
described by many observers. 

Interpretation. 

In the early development of the merismatic archesporium there is 
apparently a rapid rush of food and an increase of turgidity which cause 
the pollen mother-cells to increase in size, and to become rounded off. 
The pollen mother-cells in enlarging appear to exert considerable pressure, 
for the tapetum becomes very irregular, and cells outside it are often 
crushed. At first the most marked increase is in the cytoplasm, and 
although the nucleus enlarges slightly it appears to meet with resistance 
from the cytoplasm, for it ceases to be spherical and is considerably 
affected by the shape of the cell itself. The nucleolus too is affected, atud 
travels to the narrowest part of the nucleus where the inward pressure is 
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smallest* The nucleus then increases considerably in size at the expense 
of the cytoplasm. At the same time the wall of the ceil becomes thicken 
With the influx of food into the nucleus one may expect an increase of 
internal pressure and the nucleus again becomes spliericah while the 
nucleolus is often pressed against the membrane. The increase in size of 
the nucleus causes the membrane to become stretched, for it gradually 
becomes thinner and thinner. Tlie network seems to be stretched out too, 
and pressed against the membrane. It does not grow at the same rate as 
the nucleus and so becomes partly detached from the membrane. As 
growth proceeds the thick portions are seen to disappear and the network 
gradually becomes more uniform, and appears as a tangled mass of threads. 
The large number of threads makes it seem likely that the appearance 
of a network is, in part at least, due to the crossing of threads. The 
disappearance of some of these threads may be due to breaking or 
dissolution. Martens (31, 32) has, in living material, shown that the 
network of mitotic nuclei is composed of zigzag chromosomes con- 
nected to each other by anastomoses. As the nucleus increases the 
network becomes stretched, the chromosomes straighten out, while the 
connexions gradually break and disappear, so that the number of threads 
is reduced. In the material under examination too, the network seems to 
be made up of a number of entangled threads connected by anastomoses. 
As the nucleus increases in size the threads become drawn out and the 
breaking of the connexions results in a reduction in the number of threads. 
Towards the outside of the nucleus the breaking should be most evident. 
In this connexion it is interesting to find that the beaded appearance 
sometimes shown by the thread (PL II, Fig. a) is most noticeable towards 
the periphery of the nucleus. A figure (PL XVI, Fig. 5 ) in a paper by 
Gates and Goodwin (14) shows this very clearly. In mitosis in Narcissus^ 
Hedayetullah (18) has shown that the chromosomes consist of two 
parallel threads which during prophase appear as strings of chromomeres. 
By careful examination he found that the anastomoses between the threads 
connected adjacent granules. In Oenothera it is very difficult to study 
chromosome structure, but the beaded appearance suggests that the 
chromosomes are, here too, made up of strings of granules, which only 
become evident when they are thickened by material from the anastomoses. 

Not only the length but the thickness of the threads alters, and 
gradually it is possible to see that the chromosomes are joined end to end 
(PL II, Fig. 3 ). It is not until the looped stage, however, that it is possible 
to see clearly the arrangement of the chromosomes, and at this stage it 
has been shown that the chromosomes are arranged in rings (PL II, Fig. 6 ), 
which give the characteristic configuration at diakinesis (Gates and Good- 
win' (14)). ' 
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The darkly staining bodies in the retictiltim. 

The presence of these darkly staining bodies has not often been 
disputed, but their significance has been much discussed. Miss Leliveld 
(25) describes fourteen such bodies in Oenothera^ and she regards them 
as the prochromosomes or chromocentra. On the other hand, Gates and 
Goodwin (14) have shown that there is great variety, both in size and 
number, of these bodies, so that they do not attribute any special function 
to them. In the material examined it was found that there was a great 
deal of variety in size and number (PI. II, Fig. i), and that many of these 
bodies appeared to be in contact with the membrane. As the network 
became stretched it was seen that some of these bodies disappeared 
altogether, so that it seems that their appearance may have been due to 
several threads crossing at one point. On the other hand, some of them 
seem to persist, and to elongate slightly as the threads become stretched. 
Possibly these bodies may represent the point of attachment of the 
chromosomes, and since in Oenothera this point is centrally placed the name 
' chroniocentra ^ seems very suitable. It is interesting to find that Koer- 
perich (21) has shown that in mitosis the chromosomes are always in con- 
tact with the cytoplasm at a certain point. 

When the chromosomes are fully formed they have an attachment 
constriction near the middle, so that there is definitely a central point of 
the chromosome which differs from the rest. Probably this point is less 
elastic than the rest of the chromosome, so that when this is thick it 
appears as a constriction, and when the chromosome is spun out, as in 
resting stages and prophase, it appears as a thickening. 

The darkly staining bodies in the reticulum would seem to be of two 
kinds, those having a definite significance, the chromocentra, which repre- 
sent the point of attachment of the chromosome, and those which are 
merely the optical result of a tangled mass of threads. 

Synisesis. 

Synizesis was seen in much of the material examined, but many of the 
pollen mother-cells in which it appeared were slightly plasmolysed, so that 
it may sometimes have been an artifact. In some of the anthers there 
were loculi in which the lower pollen mother-cells were in an early spireme 
stage, while the upper ones were in metaphase, but none shoived synizesis. 
In all the material examined it was evident that division began at the top 
of the loculus. If synizesis did take place in these pollen mother-cells it 
is likely that it would be seen. This kind of evidence, and that obtained 
by many workers on the action of fixatives, suggest that synizesis is really 
an artifact. 

On the other hand^ it is impossible to neglect much careful work which 
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has been done to show that this stage is present in well-fixed material, and 
even in living material (Sargant (34)). Some consideration of the factors 
which might bring it about should lead to a satisfactory explanation. The 
thread touches the nuclear membrane in several points^ and it is not 
unlikely that a change of conditions might cause some alteration in the 
nature of the membrane which might lead to a breaking of the contactj 
and a total collapse of the thread. Not only fixatives could bring about 
such a state, but possibly changes in such conditions as temperature, 
moisture, and food supply, which affect the plant in the living state. 

The simplest explanation seems to be that synizesis is not an essential 
stage in meiosis, and that its frequency is due to the fact that it may 
readily be brought about by both natural and artificial factors. 

Continuity of the spireme. 

Most workers on Oenothera agree that at no time during prophase is 
it possible to see free ends of the threads in uncut nuclei. This might, of 
course, favour the idea that the spireme is continuous (Illick (20)), but 
recent evidence shows that at no stage is there a single continuous spireme, 
except in forms having a ring of fourteen chromosomes. At diakinesis 
a definite number of rings, generally closed, can be seen. There is now 
sufficient evidence to show that there are several spiremes present from an 
early stage, and, as it is nearly impossible to follow the threads in the 
earliest stages it is necessary to deduce the presence or absence of a con- 
tinuous spireme from theoretical considerations. The absence of free ends 
points to the probability of the chromosomes never being free from each 
other during heterotypic prophase, and it therefore seems quite possible 
that they become joined in definite groups in the previous telophase. 
Perhaps a study of the premeiotic telophase stages may give some 
practical data bearing on this point. 

The thickening of the thread and the nucleolus. 

During early prophase a very thin thread is present, and this is 
gradually seen to shorten and thicken as meiosis proceeds. As it is 
evident that the chromatic material increases, it is necessary to have some 
further explanation for the appearance of more chromatin. The way in 
which this addition is made, and the source of the material, are extremely 
difficult problems which have been approached in a number of ways, 
Fikry (9) gives a full account of various points of view and he shows the 
difficulties which lie in the way of accepting any of the views put forward. 
Here only the mOsSt widely held views will be considered. 

The part played by the nucleolus and the method of addition of 
chromatin appear to be closely related problems. The nucleolus may con- 
tribute directly or indirectly to the formation of the chromosomes, or it may 
he ah ergastic substance of no definite importance. If the nucleolus 
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contributes directly to the formation of the chromosomes there must be 
connexion between the nucleolus and the threads. Such connexion was first 
observed by Farmer (7) and it has since been demonstrated by Lenoir (2/3 
28)j Latter (24), Sheffield (36), Zirkle (39), and others. There is the 
possibility then that material may flow along the spireme from the 
nucleolus, but it may do this by flowing inside the spireme, as through a 
tube, as Lenoir (27~29), and Zirkle (39) suggest, or outside the thread 
as Latter (24) maintains. In the material examined many cases of direct 
connexion between the nucleolus and the threads were observed. On the 
other hand, this was by no means a universal phenomenon, and this, 
coupled with the fact that there is no continuous spireme (at least during 
late prophase), would exclude such an explanation. 

The nucleolus may therefore contribute indirectly to the thickeningof 
the threads, or it may be of no importance in this connexion. Earlier 
cytologists suggested that the nucleolus consisted of chromatin which was 
gradually transferred to the chromosomes as they developed, but by 
microchemical tests Zacharias (38) was able to show that this was not 
so, and his results have been confirmed by those of other workers (Yamaha 
and Sinoto, 37 ; Zirkle, 39), and by those of von Schustow (35) obtained 
by ultra-violet illumination. 

As early as 1907 Gates suggested that the nucleolus was composed of 
two substances, and there is growing evidence that this is the case. It has, 
however, been maintained that there is no diminution in the size of the 
nucleolus which it would seem must follow the removal of one substance. 
On the other hand, vacuolation frequently occurs in some nucleoli (Fikry 
(9) on Rumex) and this might be due to the removal of some substance 
from the nucleolus. The possibility of indirect contribution is not there- 
fore removed, but the evidence in support of the ergastic nature of the 
nucleolus must also be considered. 

Among investigators who consider that the nucleolus is an ergastic 
substance are Lundegardh (30) and Meyer (33). Both bring forward 
very good evidence in favour of their view ; Lundegirdh by his work on 
living material, and Meyer by finding the effect of nutrition. Meyer made 
the interesting discovery that lack of food substances caused a reduction in 
size of the nucleolus. He also found that the cells appeared to divide 
normally, so that the nucleolus appears to be unessential in mitosis. 

Judging by staining reactions, chromatin seems to be absent from the 
nuclear sap, so that it must originate by the building up or breaking down 
of some other substance. Now, this would involve chemical action, and 
some agent capable of bringing about such action must be sought. Fikry (9) 
has suggested that the chromatin is produced by the action of a number of 
enzymes, but the production of these enzymes during cell division must be 
accounted for, and their presence has yet to be demonstrated. 
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Water is present throughout the plant, and may be concerned in 
bringing about the appearance of the chromatin. It does not seem 
impossible that the ionization of some electrolyte may be responsible for 
the deposition of chromatin on the linin thread, for several workers (Farmer 
and Digby (8)) have found that the linin thread is electrically charged; 
while Zirkle (39) and others maintain that the charge is negative. Any 
positively charged ions present in the solution would then tend to be 
deposited on this, and, since chromatin is gradually deposited on the 
threads, it seems that it may be composed of cations resulting from the 
ionization of some more complex substance. The fact that the chromatin 
is definitely deposited on the linin threads and not on any particles in the 
sap suggests that the deposition is not due to simple precipitation or 
saturation, but to some definite relation between the chromatin and the 
linin threads. The anions produced by the ionization would, on the other 
hand, tend to move away from the thread, and would travel towards the 
periphery, or perhaps towards the nucleolus, which appears to be positively 
charged (Zirkle (39)). 

If the nucleolus were made up of two substances, or of one easily 
dissociated substance, it is possible that, as the chromatin is deposited and 
the solution becomes devoid of cations, some part of the nucleolus would 
tend to pass into solution to counteract this deficiency. This would 
account for the fact that the nucleolus gradually changes its staining 
reactions as the threads become thickened. In this case it might not be 
of importance whether or not the substance were chromatin, for it would 
merely take the place of the cations in the sap. Whatever the composition 
of the nucleolus, it alone cannot be responsible for the thickening of the 
threads, since this begins before there is any apparent change in the 
nucleolus, and the amount of chromatin added may be greater than 
,the volume of the nucleolus. 

Thickening begins while the thread is still in contact with the mem- 
Hrane. and if, as Koerperich (21) maintains, there is definite contact 
biptween the chromosomes and the cytoplasm, then it seems likely that the 
ankpns which are liberated in the vicinity of the thread will tend to stream 
out into the cytoplasm through these points of contact. As the linin is 
negatively charged it will tend to repel the rest of the thread, but as this 
charp becomes neutralized by the deposition of chromatin the repulsion 
will fbe lessened, and the threads will tend to take up a central position, 
awaiy from the anions. The streaming of these ions having once begun, 
wo.tld tend to go on in the same course, so that they would continue to 
piss out in the direction of the points of contact, even when the threads 
have become detached from the membrane. 



Crosses of Oeriothera rubricalyx. i6i 

Orientation of the chromosomes and the spindle. 

It has often been maintained that the spindle fibres grow inwards 
towards the chromosomes and are responsible for their orientation^ In 
Oenothera^ however, the orientation of the chromosomes takes place before 
the disappearance of the nuclear membrane and the appearance of the 
spindle (PL II, Figs, 19, 20) so that in this case such an explanation 
will not hold, and it is evident that the orientation must be internal to the 
nucleus. It is perhaps significant that in cases where the spindle is multi- 
polar the fibres should appear just opposite the groups of chromosomes, 
even before the membrane has disappeared (see Farmer and Digby (8), 
Figs. 17, 27, &c.). Such a state could be readily explained on the assump- 
tion that the anions were streaming out through the points of contact of 
the chromosomes, and that their appearance as fibres was due to the 
fixative causing their precipitation (cf. Martens ( 32 )). 

Kesumitig briefly: It is suggested that the chromosomes become 
thickened by deposition of some substance which arises, in part at least, 
from a substance present in the nuclear sap, the nucleolus passing into 
solution. The deposition may be due to the ionization of a substance, the 
cations becoming deposited on the negatively charged linin, and the anions 
streaming outward and possibly by their precipitation giving rise to the 
appearance of spindle fibres, which represent the forces, originating in the 
nucleus, w^hich are responsible for the orientation of the chromosomes 
within the nucleus. 


Part IL 

Catenation, 

In the section on meiosis a general description applicable to all the 
forms studied was given. At diakinesis, however, the various hybrids 
show important differences, so that each must now be treated in turn. 

In the various F^ cultures it was found that the plants could usually 
be grouped into two types, this being particularly easy in the hybrid 
O, rubricalyx x O, blandina. One type was pale green in colour, while the 
other was considerably darker, and Gates and Catcheside ( 13 ) suggest 
that this is due to the presence of two different complexes in O, rubricalyx^ 
one carrying a factor for light green, rubricalyx a, and one carrying a 
factor for dark green, rubricalyx *Where it was possible to identify the 
two types the catenation was determined in representatives of each type, and 
the results compared. In the case of O, nutans^ too, Gates and Catcheside 
( 13 ) have recognized two complexes, nutens and serratans. Table I gives 
a summary of the results obtained, and where possible the complex has 
been mentioned. The catenation in the parents as well as that of the 
hybrids is given in each case. 
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Table L 


Catenation in Some Crosses of O. rubricalyx* 


Hybrid. 

Rubricalyx a}^deserens 
Rubricaiyx ^ydesere7is 
^Deserens. rubricalyx a 
'^Desef'ens, ?"ub7'icalyx /S 
Rubrkalyx aj^purpurata 
Rubricalyx ^}^puip'irata 
^Pttrpnraia, rubricalyx jS 
Rubricalyx Id. fiutens 
Serratans. rubricalyx a 
(Catcheside, 1933) 

O. rubricalyx. a^mnophila 

(F.) 

Rubricalyx aPblandina 
Rubricalyx ^Pblandlna 
0. blandina. rubricalyx 
Trisomic Mutant (from 
rubricalyx ^Pblandma) 



Catenation 

Catenation 

Catenation. 

in female 

in male 


parent. 

parent. 


Ring of 4, 5 pairs Ring of 6, 4 pairs Ring of 7 pairs 



4, 5 

33 

33 

63 4 33 


43 7 33 

3? 

4,5 

35 


7 33 

33 

63 4 33 


4, 5 

33 


7 3. 

' 55 

6, 4 ,, 

?3 

6, 4 

33 

53 

6, 4 „ 


7 33 

33 

6, 4 

,3 

33 

634 ,3 



'3 

6, 4 

33 


7 33 

33 

6, 4 33 

33 

S, 3 


33 

6,4 „ 

55 

14 

35 

12, I 

3’ 

35 

14 

55 

6, 4 pairs 

35 

6, 4 

33 

33 

6, 4 pairs 

33 

12, I ,, 

3) 

4, 5 

,3 

35 

6,4 » 


7 33 

33 

^,3 

33 

33 

6, 4 ,, 


7 3, 

53 

4, 5 

33 


7 » 

33 

6,4 » 

33 

8 + 1,3 

33 

33 

33 

6,4 


7 ,, 


0. rnbrtcalyx x 0. deserens. (PL II, Figs. 8, 9). 

The plants m this culture were in general very similar, but owing to 
slight difference they were classed into two types (Gates and Catcheside, 
(13)). One plant from each type was examined and both showed the 
same configuration- — a ring of four chromosomes and five pairs : in nearly 
every case all the pairs being ring pairs. There were many cases in which 
pairs were interlocked with each other and with the ring, and some attempt 
was made to form an estimate of the various kinds of interlocking. It was 
found that the interlocking was both of the distal type — in which the con- 
nected ends of the chromosomes are linked with each other, and of the 
medial type — in which the chromosomes are linked near the centre. 

With a ring of four chromosomes and five pairs it is possible to have 
a great variety of interlocking, and a short table (Table 11) is given to 
show the great variety of interlocking observed in this form. From the 
results given it appears that all kinds of interlocking may occur, and that 
one type is not noticeably more frequent than any other, so that it seems 
that interlocking is accidental, and that it is of no great importance (cf. 
Catcheside, (1)), 


O. deserens x 0. rubricalyx (PI. II, Fig. 10). 

In this culture it was possible to make out the same two types as in 
the reciprocal. Material was collected from four plants of the ^ type and 
from one plant of the a type. In all five plants examined the catenation 
was the same as in the reciprocal, a ring of four chromosomes and five 
pairs. 
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Table IL 

Interlocking of Chromosomes in O, riibricalyx x O. deserens. 
(Each interlock has been counted so that where one pair is interlocked in two 



places both interlocks are considered.) 


No. of pairs inter- 
locked with ring. 

No. of free pairs. 

No. of observations. 

5 

0 

0 

2 

4 

0 

I 

I 

3 

2 4-2 

0 

I 

3 

3 

I 

3 

3 

2 

I 

2 

3 

0 

2 

I 

2 

3 

2 

I 

2 

3 

0 

I 

2 

2 

2 

I 

2 

2 

I 

2 

2 

0 

3 

I 

I 

3 + 2 

0 

I 

I 

2 + 2 

I 

I 

I 

2 + 2 

0 

1 

I 

3 

2 

I 

I 

3 

I 

3 

I 

2 

3 

I 

I 

2 

2 

2 

I 

0 

4 

2 

0 

4 

I 

I 

0 

3 

2 

I 

0 

2 

3 

2 

L riibricalyx x 

0. piirpnrata (PL II, Figs. 

II, 13). 



The plants in this culture showed great uniformity, but it was possible 
to see a slight difference in leaf colour, indicating the influence of the two 
complexes. Material from each type was collected, and the catenation in 
both was found to be a ring of six chromosomes and four ring pairs, with 
sometimes a chain instead of a ring. PL II, Fig. ii, is from a plant of the 
ft type, and Plate II, Fig. 12, from a plant of the a type. 

O. purptirata x 0, rtibricalyx. (PL II, Fig. 13). 

This culture was quite uniform and resembled the reciprocal in all 
respects- Material was collected from one plant {ft type) but no case of 
diakinesis was found. In metaphase and early anaphase it was possible to 
find four pairs of chromosomes in many cases, and in several mother-cells 
it could be seen that the catenation was a ring of six chromosomes and 
four pairs, as in the reciprocal. 

0. rtihricalyx x 0. nntans (PL II, Figs. 14, 16), 

Unfortunately the plants of this culture did not develop. Material 
was collected from two plants which had been identified as this hybrid. 
The buds were fixed in La Cour's but this was not suitable as the 
material was much shrunk, making it very difficult to determine the 
catenation. In only one case was a complete ring of eight chromosomes 
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observed, but numerous cases were seen in which there was a chain of 
eight chromosomes and three ring pairs. It seems very probable that the 
violent action of the fixative was responsible for breaking the large ring, 
and this may be the explanation of irregularities observed. The complex 
combination in this hybrid was rubricalyx (Gates and CatchesidCj 

(13)). 

0. nutans x O. inibricalyx. 

The plants in this culture differed from the reciprocal, the complexes 
involved being serratans and rubricalyx a, and the catenation a ring of 
twelve chromosomes and one pair (Catcheside ( 2 )). 

0 . rubricalyx X O. ammophila (PI H, Fig. 15). 

This culture, which was the generation, consisted of plants in 
which it was impossible to trace definitely the influence of the complexes. 
The catenation was a ring of six chromosomes and four pairs. 

0, rubricalyx X 0. hlandina (PI. II, Figs. 17, 18). 

This proved to be the most interesting culture, for it was possible to 
show distinctly the influence of the two complexes in 0. rubricalyx. On 
examination of the paler type it was found that the configuration at 
dialdnesis was a ring of four chromosomes and five pairs (PI. II, Fig. 17). 
Ill the darker type the configuration was a ring of eight chromosomes and 
three pairs (PL II, Fig. 18). Since O, blandina is homozygous, this 
difference in configuration must be due to the presence of the two different 
complexes in O. rubricalyx., and this confirms the idea that O. rubricalyx 
is heterozygous. In this culture, therefore, it is possible to trace the effect 
of the two complexes both cytoiogically and genetically. 

0 , blandina xO. rubricalyx (PI. II, Figs. 19, 20). 

It was difficult to recognize two distinct types in this culture and 
material was collected from three plants apparently of the same type. 
Only tw^o of these showed diakinesis, and in both cases the catenation was 
a ring of four chromosomes and five pairs, as in the a type of the reciprocal 

In all the cultures examined interlocking was frequent, and it varied 
greatly, as already prescribed for O. rubricalyx x 0. deserens. 

Trisomic mutant. 

In the culture of ( 7 . rubricalyx x 0. hlandina which numbered eighty 
plants, were two mutants. One was examined by Mr. D. G. Catcheside, 
and for the other he kindly furnished the following details. This plant 
differed from the type principally in having broader, blunter, deeper green 
^leaves which were characteristically oblong, but Prolessor Oates determined 
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that it was not oblonga. The bracts were broadly elliptical quite smooth^ 
and had a practically entire margin. The stem was red and rather weak. 
The buds and hypanthia were paler and shorter than in the corresponding 
diploid type, and they dropped off before flowering, so that actual flowers 
were never seen. On examining the pollen Mr. Catcheside found only 
1^8 per cent, of good pollen, and a large number of four-lobed grains. 

A considerable amount of material w^as collected and all the buds w^'ere 
examined, with the following results : 

Table III. 

No. of Buds. 

7 
2 
2 
6 
I 

__7 

The buds showing prophase did not differ greatly from those of other 
plants examined, but sometimes one or two loculi were seen to contain 
pollen mother-cells having very large nuclei and extremely thin walls. In 
the sterile buds examined these features were also seen in some of the 
loculi, while in others there were large cells devoid of cytoplasm and con- 
taining only a small collapsed nucleus in one corner. It seems that the 
cessation of development during prophase results in the production of 
totally sterile buds, for in no buds with sterile loculi was any stage later 
than prophase observed. As fertile and sterile buds are present together, 
it seems that the factor arresting normal development must be internal to 
the bud. 

In normal developing pollen mother-cells there is at first an increase 
in the volume of the cytoplasm followed by a considerable increase in 
volume of the nucleus. In this mutant, however, the nucleus apparently 
grew first at the expense of the cytoplasm. The cause of the sterility 
seems to be lack of nutrition, and since other buds in the inflorescence had 
developed normally, the failure must be in the bud itself, and a possible 
cause is a defective vascular system. 

Several of the somatic cells showed metaphase plates, and chromo- 
some counts showed that fifteen chromosomes were present, and that the 
mutant was therefore trisomic (PI. II, Fig, ai). In several chromosomes 
a medial constriction could be seen, and it was found that the plate con- 
sisted of nine rather bent chromosomes and six nearly straight ones. Two 
other plates examined showed the same distinction between the chromo- 
somes. ' ' 

During diakinesis the tapetum was found to be binucleafe, ;as; In 


Stage. 

Prophase 

Diakinesis 

Anaphase 

Tetrads 

Grains 

Sterile 

Total 
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other forms, and many cases were seen in which three or more nuclei were 
present. In several metaphase plates there were a very large number of 
chromosomes. In one fifty-six were counted, so that this nucleus was 
octoploid. 

The buds showing diakinesis were studied in detail. Undoubtedly the 
most usual configuration was a chain of nine chromosomes and three pairs 
(see Table IV). It is interesting to compare this result with the somatic 
metapbase plates, for it was found there that the chromosomes fell into 
two groups, one consisting of nine bent chromosomes, and the other of six 
straight chromosomes. Possibly the nine bent chromosomes are those 
which form the chain, while the six straight ones form the three pairs. 

Besides a chain of nine chromosomes, it was found that there was 
sometimes a chain in which two chromosomes were connected to the 
same chromosome. In other cases a chain of seven chromosomes and four 
pairs were found, and many other variations with shorter chains were 
found, but these were often due to injury to the nucleus by cutting. In two 
cases there was a closed ring of eight chromosomes and three pairs. In 
these cases the ninth chromosome was seen to be attached to the ring 
(PL II, Fig. 23). It seems then that the ninth chromosome may be 
attached to one of the chromosomes in the ring and also to the two 
neighbouring chromosomes (e.g. PL II, Fig. aj). There must, therefore, 
be two connexions at the end of this chromosome, and it seems that each 
chromosome may have two connexions, a fact which it is very difficult to 
demonstrate in the disomic forms. 

Since cases have been observed in which there is a ring of eight 
chromosomes to which the ninth is attached, it seems that this must be the 
correct configuration in this mutant, for all the other configurations can 
readily be derived from it. In all cases there are three pairs, so that these 
need not be taken into consideration in this connexion. 

Text-fig. I is an illustration of the ideal arrangement of the chromo- 
somes. Small single letters have been used to denote the chromosomes as 
It is not intended to make any reference to definite chromosomes. In the 
diagram double connexions have been indicated between all the chromo- 
somes as there is some evidence of their occurrence here and in other 
forms (Catcheside ( 1 )). All the chromosomes, except a and a\ and one 
end of b and k, are then connected to each other by parallel double con- 
nexions. Earlier in this paper it has been suggested that the chromosomes 
are drawn towards the membrane (and away from each other) by forces 
acting chiefly at their central point. If this is the case, it seems likely that 
the connexions between a, d ^ b and k would break more readily than the 
others, since here there is only one connexion in any one direction. If, for 
instance, the connexion between a and b were broken it seems likely that 
the next break would be between a and d or d and b. It would be nearly 
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impossible to show the absence of one connexion, as this would make no 
apparent difference in the configuration. Two breaks, however, should be 
more readily seen. If the second break occurred between d and then a 



Text-fig. 2. 



chain of seven chromosomes having a terminal pair attached would result 
(Text-fig. a). This has been observed in three cases (PL II, Fig. !24). 

If, on the other hand, the second break occurred between a and d 
then a ring of eight chromosomes with a ninth attached at one end only 
would result (Text-fig. ^). This has also been observed, and is illustrated 
by PL II, Fig. ^3. 

It is, of course, immaterial at which end of a and d the breaks have 
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taken place as the resulting configuration will be the same. In Text-fig. 2 
only one connexion remains between a and a\ and in Text-fig. 3 only one 
connexion remains between d and so that it seems that these would 
readily break, in both cases resulting in a chain with a forked pair at the 
end. Two such cases were observed, and one is figured (PL II, Fig. 25). 

It is possible that one of the double connexions between the chromo- 
somes will break, and since the chromosomes appear to be equivalent 
any of the connexions might break. Such breaks would, from Text- 
fig. 2, result in short chains having a pair at the end of one of the chains. 
Several of these were seen. This condition could also have arisen by the 
breaking of the connexion between d and b in Text-fig. 3, followed by 
a break elsewhere, so that no importance can really be attached to the 
frequency with which this is observed. On the other hand, the only 
possible way in which a chain with a centrally placed pair could arise is 
by the breaking of a connexion in Text-figs, i or 3, and the chances of 
distribution of the chromosomes each side of the pair should therefore 
be equal, so that there would be equal numbers of chains showing the 
following arrangements : 

I chromosome, pair, 6 chromosomes (PL II, Fig. 27) 2 cases seen, 

^ 5) '5 5’ 3 

3 n „ 4 (PI* n, Fig. 28) 2 

The most frequent arrangement was a chain of nine chromosomes, and 
by looking at the Text-figs, it is possible to see that it might be derived 
from either arrangement. From Text-fig. 2 by the breaking of the con- 
nexion between a and d near h, and either between a and h or d and A, 
while in the case of Text-fig. 3 it may result from the breaking of the con- 
nexions between a and a\ and d and or between a and and d and //. 

The accompanying table gives the configurations involving not more 
than two chains. In each case three pairs are present in addition. 


Table IV. 


Arrangement. No. seen. 

Chain of 9 chromosomes 24 

Ring of 8 with i chromosome attached . . 2 

Chain of 8 with I chromosome attached . . 7 

Chain of 7 with I ring pair attached , . 2 

Chain of 7 with I open pair attached . . 2 

Chain of 7 with i free ring pair ... 8 

Chain of 7, chain of 2 chromosomes . . 2 

Chain of 6, i pair attached, i free chromosome 4 

Chain of 6, chain of 3 chromosomes , . 2 

Chain of 5, chain of 2, i pair attached . . I 

Chain of 5, chain of 4 chromosomes . . 4 


Illustration. 

Fig. 22 
Fig. 23 
Figs. 27, 28 
Fig. 24 
Fig. 25 
Fig. 26 


Smaller chains than those given in the table were observed, but these 
,were present in cut nuclei. 
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Regarding the origin of the fifteenth chromosome^ the fact that it is 
connected at both ends to one of the chromosomes in the ring indicates 
that it is homologous with this chromosome* Non-disjunction is a fairly 
common phenomenon in Oenothera^ and probably accounts for the origin 
of this trisomic form (Gates (11)). Another possibility is the duplication 
of one of the chromosomes already in the complex, by division. In 
0. deserensr.0. nihricalyx pollen mother-cells were seen in early telophase 
to contain eight chromosomes in one daughter nucleus and seven in the 
other (PL II , Fig. 7). But two of the chromosomes were single while the 
others were double, so that one chromosome must have divided earlier 
than the others. The two halves seemed, however, to be larger than the 
other half chromosomes and possibly each would divide, resulting in two 
pollen grains having eight nuclei. In a homozygous form this would 
ultimately give the same results as non-disjunction, but in heterozygous 
forms the duplicated chromosome would be one already present in the 
complex, whereas in non-disjunction the extra chromosome might be one 
belonging only to the other complex. It was not possible to obtain any 
conclusive evidence as to the fate of this chromosome, but there were 
indications, from metaphase, that the two chromosomes might both pass 
to the same pole. 

Although the seven-eight distribution is that most commonly found in 
trisomic forms. Gates and Thomas (16) have shown that six-nine distri- 
bution may also ocour, and this was again observed in the present mutant. 
One case was seen in which the daughter nuclei contained nine and eight 
chromosomes respectively (PL II, Fig. 29). Here, again, it seems that pre- 
mature separation of the halves is responsible, but it may be that one of 
the chromosomes divided before passing to the poles, for each daughter 
nucleus contains one chromosome which seems smaller than the others, 
and these may represent the two halves of the same chromosome, so that 
one nucleus may contain a chromosome usually absent from that complex, 
just as in non-disjunction. 

One pollen mother-cell was seen to have thirty chromosomes at meta- 
phase (PL II, Fig. 30). The chromosomes are definitely arranged In ring 
pairs so that there are fifteen pairs of homologous chromosomes. Pre- 
sumably this tetraploid cell is the lesult of failure of the chromosomes to 
separate after dividing at the last premeiotic division. Similarly evidence 
of non-disjunction in the last premeiotic mitosis or earlier has been obtained 
by HedayetuIIah (19) in <9. ruhHcalyx x O, eriensis. 

Besides differing in chromosome number and arrangement, this cell 
differs greatly in size from the neighbouring pollen mother-cells which are 
of normal size and show the usual catenation. Measurements of several 
cells at the same stage were taken, and it was found that the area of the 
optical medial section of this cell was just twice the area of a normal 
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pollen mother-cellj while the volume (reckoned as a sphere) was nearly 
three times that of a normal ceil. 

The trisomic mutant, then, although showing a variety of configura- 
tions, appears to behave quite normally at diakinesis, for it is possible to 
interpret all the configurations as derived from a branched ring of eight 
chromosomes and three pairs of chromosomes. 

Configuration at diakinesis. 

From the results of numerous workers on Oenothera there appears to 
be good reason for suggesting that the configuration is generally constant 
in any one plant and in all plants of that type. There is, however, 
evidence that this is not universally true. Miss Sheffield (36) found 
several irregularities, and lately Miss Leliveld (26) maintains that the 
catenation is not constant, and she gives figures showing the variety of 
configuration obtained. From the present observations it seems that 
many apparent irregularities can be accounted for by the action of fixa- 
tives, the cutting of the nucleus, or even the interpretation of the observa- 
tions. The hybrid (9. rubricalyx k O. eriensis has been examined in great 
detail (HedayetuIIah (19)) and here the configuration varies widely, so 
that it appears that there is, in certain forms at least, a considerable amount 
of variation. Among the forms examined, the only cases of undoubted 
variation occurred in the mutant, and here some explanation has been 
given as to its origin. It is possible that irregularity of configuration 
may result in non -disjunction. 


Theoretical Considerations. 


The most favoured theory of the chromosome configuration is at 
present that of segmental interchange, which has been expounded and 
discussed at length by Darlington (6) and Cleland and Blakeslee (5). 
The chromosome constitution of rubricalyx has already been discussed on 
this basis (Gates and Catcheside (13), p. 171) and need not be further 
considered here. 

Using the nomenclature adopted by Gates and Catcheside (1932), 
from available crosses, they concluded that the possible formulae for rubri- 
calyx a were : 


(1) A.B 

(2) C.D 

and for, rubricalyx j3 

(1) D.E 

(2) D.F 

(3) 

(4) B.G 


aS B.gI “-N 0 -P 


F.G A.H \ 
E.G A.H 
A.F E.H 
A.E F.H , 


K.L M.N O.P 


B.C. 
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Formula (i) for the ruhricalyx a complex can only go with formulae (3) or 
(4) for rubrtcalyx ^ to give 0 , rtibricalyx with a ring of six chromosomes. 
Similarly, formula (2) for a will only go with (i) or (2) for 

Since the trisomic mutant has a configuration consisting of nine 
chromosomes, the extra being attached to the ring of eight (Text-fig. i) 
this chromosome must be a duplicate of one in the ring. The trisomic 
probably arose through non-disjunction in the ring of six chromosomes in 
the mcgaspore of rtibricalyx a, since: (i) non-disjunction of bivalent 
chromosomes is rare, and (2) the evidence also indicates that eight- 
chromosome pollen grains are much less likely to function because of the 
competition with the pollen tubes of grains having seven-chromosome 
nuclei. 

Some attempt can now be made to identify this extra chromosome. 
Using the above nomenclature, and the formula for ^^blandina as A.B C.D 
E.F G.H K.L M.N O.P (Gates and Catcheside, ( 13 )), chromosomes 
K.L M.N O.P are excluded, since they do not take part in the ring in the 
trisomic. The a complex plus any extra chromosome from the B complex 
is excluded as the eight-chromosome female gamete, since it cannot give 
the correct configuration with ^^blandina. The eight-chromosome female 
gamete must therefore have contained the ^ complex plus a ring-forming 
chromosome of the a complex. This extra chromosome must be similar to 
one of the blandina chromosomes taking part in the ring. Now ^blandina 
and rtibricalyx a have E.F in common, and either A.B or C.D ; hence one 
of these three chromosomes is probably the extra chromosome present in 
the trisomic. 


Summary. 

1. The catenation is studied in a series of F^ hybrids of O. rtibricalyx 
(see Table I). 

2. An examination of the prophase stages leads to the conclusion that 
the resting nucleus consists of a mass of threads connected by anastomoses 
which gradually break during development. 

3. The darkly staining bodies in the reticulum appear to be of two 
kinds, those due to crossing of the threads, and those representing the 
points of attachment of the chromosomes. 

4. It is suggested that although synizesis is usually an artifact it may 
be produced in nature by some alteration in conditions ; but it is neither a 
universal nor an important stage in meiosis, 

5. Evidence is given in support of the view that several spiremes are 
present in heterotypic prophase, corresponding in number to the rings 
apparent at diakinesis. 

6. The physico-chemical relations of the nuclear sap, the chromatin t 
and the nucleolus are discussed with reference to chromosome growth. 
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7. Variations in the catenation of a trisomic mutant from O, rubric 
calyx xO. hlandina are explained as derived 'from one configuration in 
which one chromosome appears to be duplicated. 

8. A single very large pollen mother-cell of this mutant was found 
having thirty chromosomes in ring pairs. It probably originated from 
chromosome doubling in the last premeiotic mitosis. 

9. The relative constancy of the various configurations makes it 
possible for the catenation to be explained on the hypothesis of segmental 
interchange, and this is used as a basis for determining the segmental 
arrangement of the two complexes present in O, rubncalyx. 

The work was carried out in the Botanical Department of King’s 
College (University of London), under the supervision of Professor Gates, 
to whom I wish to tender my very grateful thanks for his valuable help 
and advice, and for having arranged this paper in a form suitable for 
publication. 
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EXPLANATION OF PLATE II. 

Illustrating Miss M. Verbruggens paper on ‘ Meiosis and Catenation in Certain Crosses of 
OenotJma rztbricalyx^ . 

All figures were drawn with the aid of a camera lucida at table level, with 2 mm. immersion 
Zeiss N. A. 1-4. A Zeiss ocular No. 18 was used. The magnification is x 3,300. 

The following convention has been adopted:' — All chromosomes in top focus have been drawn 
in black, those in middle focus have been stippled, and those in lower focus have beeii left in wMte. 
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Fig- I. 0, ikserens x 0 , ruhricalyx. Nucleus in early prophase showing reticulum with 
thickenings and vacuolate nucleolus. 

Fig, 2. 0 . deserem x 0 , ruhricalyx. Nucleus showing beaded thread. 

Fig« 3. Rtihricalyx a ,Hlandina, Late thread stage. I, II forming small ring presumably 
of two chromosomes, and III, IV, V representing three chromosomes in a larger ring or chain, 
(The thread has been drawn sli;^}itly thicker than it appears for clearness.) 

Fig. 4. Rtibricalyx a . ^^biandina. Nucleus showing endoniicieolus divided into two. 

Fig. 5. 0, dcscrens x 0 , rubricaivx. Five small rings, I, II, IIT IV, V, probably representing 
five ring pairs, and one larger ring VI, probably representing a ring of four chromosomes, can be 
made out. 

Fig. 6. 0 . deserens x 0 . riibricalyx. Nucleus showing hve ring pairs and one ring of four 
chromosomes. Several darkly staining masses are present in the cytoplasm. 

Fig. 7. 0 , des(> 7 ’ms x 0 . ruhricalyx. Heterotypic telophase. Upper nucleus showing seven 
split chromosomes, lower one showing six split chromosomes and two half chromosomes. 

Fig. 8. 0 . ruhricalyx x 0 . deserens. Diakinesis, showing a ring of four chromosomes, three 
free pairs and two intei locked pairs. 

Fig. 9. 0 , ruhricalyx x 0 , descixns. Diakinesis. All five pairs are interlocked with the ring. 

Fig. 10. 0 , deserens x 0 , rtcbricalyx. Diakinesis, showing ring of four chromosomes with 
three interlocked pairs, and two free pairs. Two daikly staining nucleoli are present. 

Fig. II. 0 ruhricalyx x 0 . purpurata. Diakinesis, with one pair interlocked with the ring 
of six chromosomes, and three free pairs. 

Fig. 12. 0 . 7 ‘ubrkalyx X 0 , purpurata. Nucleus showing the beginning of orientation. The 
membrane and nucleolus are still present. One of the chromosomes appears as if it were being 
pulled outwards at its central point. 

Fig. 13. 0 . purpurata x 0 . riibricalyx, A ring of six chromosomes and four pairs are seen 
on the spindle. 

Fig, 14. 0 , ruhricalyx x < 9 . nutans. A chain of eight chromosomes and three pairs are seen 
centrnlly plactd, but neither membrane nor spindle fibres are visible. 

Fig. 15, < 9 . ruhricalyx x 0 , amniopkzla, Fg. Catenation, showing a ring of six chromosomes 
and four paiis, in one of which the ring has apparently broken. 

Fig. 16. 0 . ruhricalyx x 0 . nutans. Chromosomes have begun to move towards the poles, 
for several of the connexions are broken. It is still possible to make out the three ring pairs. 

Fig. 1 7. Ruhricalyx a , ^biandma, Diakinesis, showing a ring of four chromosomes and 
five pairs. 

Fig. 18. Ruhnea/yx 0 . ^niaizdina, Diakinesis, showing a ring of eight chromosomes and 
three pairs. 

F:g. 19. 0 . blandina x 0 , ruhricalyx. The ring of four chromosomes and the five pairs are 
beginning to show orientation. 

Fig. 20. O. blandina x 0 , ruhricalyx. A later stage in the orientation. Both the membrane 
and nucleolus are present. 


Trzsamic Mutant 
(from Ruhricalyx 0 . Hlandina) 

Fig. 2X* Somatic plate showing nine bent chromosomes and six nearly straight chromosomes. 
Constrictions are visible in nearly all. 

Fig. 22. Diakinesis, showing a chain of nine chromosomes tvitli which are interlocked the 
three pairs. 

Fig. 33. A ring of eight chromosomes is somewhat twisted, and a ninth chromosome is attached 
by one of its ends to the ring. Two pairs are interlocked with the ring and the third pair may be 
distally interlocked with it. 

Fig. 24, Four ring pairs are present, one of which appears to be attached to the end of the 
chain of seven chromosomes. 

Fig. 25. An open pair is attached to the end of the chain of seven chromosomes and three free 
pairs are present. 

Fig. 26. Nucleus with four ring pairs and a chain of seven chromosomes. The nucleolus is 
also, present. 
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27. One chromosome is attached to the end of a ring pair while a chain of six chromo- 
somes is attached to the other end. Three ring pairs are also present. 

Fig. 28. The nucleus is cut and only a small portion of each of two pairs can be seen. Another 
pair is nnciit and is interlocked with the chain. This consists of a chain of three chromosomes 
attached to the end of a pair, and a chain of four chromosomes attached to the other end. The 
nucleolus is very granular. 

Fig, 29. The daughter nucleus on the right appears to contain nine chromosomes while that 
on the left has eight. In each, one chromosome seems slightly smaller than the others, so that it 
may be the result of division before separation. 

Fig, 30. Metaphase spindle from a tetraploid pollen mother-cell showing fifteen ring pairs of 
chromosomes. 






Some Observations on the Genus Ciadochytrium with 
Special Reference to C. caespitis Griffon and 
Maublanc. 

BY 

W. R. IVIMEY COOK, Ph.D. 

With Plate III and nine Figures in the Text. 

I N December, 193^, I received from Dr. G. H. Pethybridge a sod of 
fairly recently sown turf containing seedlings of a species of Agrostis, 
a large number of which were attacked by a parasitic fungus that caused 
their browning and ultimate death. This material had been sent to the 
Plant Pathological Laboratory of the Ministry of Agriculture from York- 
shire. Examination of the aifected seedlings showed that they were 
attacked by a fungus whose characteristic symptom was the development 
of large resting sporangia in the cells of the roots and sheath and, to a less 
extent, in the cells of the leaves as well. 

Dr. Pethybridge informed me that following Massee’s (6) record of 
Ciadochytrium graminis Biisgen as a new grass parasite in Britain in 1913, 
it had been customary in this country to regard this species as accountable 
for the diseased areas not infrequently arising in recently sown lawns, 
tennis grounds, and bowling greens, when an obviously Chytridiaceous 
parasite occurs in the roots of the young grasses. He thought, however, 
that the appearance of the organism in the present instance, at any rate, 
did not quite agree with that described by Massee, but resembled very 
strongly the C. {Physoderma) caespitis described by Griffon and Maublanc (2) 
in 1910. He therefore asked me to look into the matter. 

With the assistance of Dr. Pethybridge and through the kindness of 
the Director, the several sheets of C, graminis Biisgen in the Kew 
herbarium were placed at my disposal for examination. Six packets of 
specimens were preserved on the sheets, obtained chiefly from the continent 
of Europe; but one from Surrey was present, which appeared to have 
been the material on which Massee based his record and account of the 
organism. No information was appended as to the species of grass 
attacked- Examination of this material showed that the fungus occurred 
chiefly in the roots, but in all the other collections the parasites 

[Amals of Botany, Vol. XLVIII. No. CLXXXIX. January, 1934.3 ' , 
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described are found occurring in the leaves. The following grasses 
were represented : Dactylis glomeratUy Alopccurus pratensis^ and Triticum 
repens. Massee (6) states that, while the seeds of Poa annua and Festiica 
ovina sown in infected soil become attacked, those of D. glomeraia and 
canimnn remained free. 

A preliminary microscopic examination of the material suggested that 
the specimens were not all of the same fungus in so far as the resting 
sporangia were concerned, and their size was accordingly measured, with 


the following r 

esults ; 



Kew ref. 

Host plant. 

Average 

sporangium 

Number 

measured. 



size. 

71 

Dactylis glomerata 

31-2 X 29-5ja 

24 

72 

Triticum repens 

30*2 X 26*8 fJL 

35 

4177 

Dactylis glomerata 

36*2 X 33*2 

26 

4926 

Dactylis glo^nerata 

3 S- 8 x 3 o- 4 ju 

26 

1827 

Alopecurus pratensis 

36-4x307^1 

26 

(SuiTey) 

} 

34*2 X 25*8 /X 

10 


From these measurements it will be seen that the material from 
Surrey possessed, on an average, more elongated resting sporangia than 
those of the other examples. Moreover, these sporangia were found in the 
roots, whereas all the others occurred in the leaves. The Yorkshire 
material now under consideration had resting sporangia whose average size 
was 30*7 X 14*8 p. (average of 30 /z), that is to say, they were even more 
elongated than those from the Surrey material. 

In 1910 Griffon and Maublanc (2) described a species of Cladochytrinm^ 
which they called C, {Physodermd) caespitis, attacking the sheath and 
adjacent tissues of Lolitmi perenne. In this species the resting sporangia 
varied from 15 to 45 x to 30 /£. 

In addition to the difference in the size of the sporangia these authors 
state that their organism differs from C.graminis Biisgen, with which they 
compared it, in the fact that the spore walls are almost colourless. This 
latter character is also shared by the Kew material from Surrey and in the 
present examples, but is not found in any of the other examples. 

In 1901 Lagerheim collected material of another species which is 
referred to by von Minden ( 7 ) as Physoderma Agrostidis Lag. This 
species was found in the leaves of Agrostis alba. The sporangia are 
described as being more or less ellipsoidal, i3--!:ji x 17-25/1 in size, with 
yellow-brown membranes. Thi'ough the kindness of Mr. Rarasbottom the 
writer was able to obtain type material of this species from the herbarium 
"of the British Museum. In the material so obtained the resting sporangia 
measured 18*5 x 24*4 fi (average of 26 p). 

The organism at present under investigation differs from C.graminis 
Biisgen both in the shape and size of the sporangia and in the colour of 
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the walls, (Taking the average of the examples from Kew and neglecting 
the material from Surrey, the average sporangium size is 33-9 x 30-1 as 
against 307 x 14*8 fc in the new material.) It also differs from P, Agrostidis 
in the size and colour of the spores. 

On the other hand, the size and shape of the resting sporangia agree 
with those of C, caespitis, since both elongated and spherical sporangia 
were found by Griffon and Maublanc and both types appear in the present 
material. It also agrees in the very pale yellow or almost colourless wail. 
It seems therefore justifiable to refer the organism now recorded as 
attacking seedlings of Agrostis to that species, and to suggest that the 
material from Surrey, preserved in the Kew herbarium as C. graminis^ is 
also C. caespiiis. So far as can be ascertained, C, caespitis has not been 
recorded in this country by any other worker. 

Life-history of the Organism. 

A study of the life-history of the organism has confirmed the account 
given by Griffon and Maublanc (2). Infection has not been observed, but 
it is concluded that it takes place by means of zoospores which enter the 
host cell and form a small spherical body (Text-fig. i). This gradually 
becomes elongated and forms a short mycelial hypha (Text-fig. which 
then branches, forming an irregular mass of hyphae in the host cell (Text- 
fig. 3). The content of these hyphae is densely granular, and although 
apparently multinuclear, few details of their structure could be made out ; 
no septa are formed. As the hyphae grow they become swollen at various 
points, forming rounded or irregular vesicles in which the protoplasm may 
become vacuolated (Text-fig. 4). In some instances the whole of a hypha 
may swell (Text-fig. 6), but more often fine hyphae are developed which 
pass from cell to cell of the host and travel for a considerable distance 
before a fresh vesicle is formed. Inside the vesicles the protoplasm 
becomes more dense, and, when mature, the vesicles are surrounded by 
a cellulose w^all which at first is thin (Text-fig. 7), but subsequently 
assumes an increasing thickness. These vesicles thus become differentiated 
into the resting sporangia. Apparently at first they are uninucleated, 
though in fully mature ones several nuclei can sometimes be made out. 
After the formation of a resting sporangium the hyphae associated with it 
disappear rapidly, so that in fully mature sporangia no trace of the original 
mycelium can be detected (Text-fig. 8). These resting sporangia are 
usually ellipsoidal (Text-figs. 8-9), though spherical ones are sometimes 
found (PL III, Fig. i). The wall of the mature sporangium is thick and 
varies from 3 to 5 /i in width. In colour it is generally of a very slightly 
yellow tinge; the outer surface is smooth. Within the sporangium oil is 
stored, first as numerous small droplets, but as the sporangium ^ 
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these run togetherj forming either one or, in ellipsoidal sporangia, two 
masses. In stained preparations these have a thread-like appearance 
(Text-figs, 8 and 9 and PL III, Fig. i). 

Griffon and Maiiblanc, in their description of C. {P hysodermd) caespilis^ 
record that on one occasion they found, in addition, a single thin-walled 
zoosporangium which developed zoospoi'es with a single flagellum. No 
such structures were found in the present material, and it is concluded that 
they only very rarely appear. 

Although attempts were made to germinate the resting sporangia no 
greater success resulted than was found by Griffon and Maublanc, and it 
may be possible that something more than climatic conditions are required 
to achieve this end. It is known that the spores of some fungi germinate 
only after they have passed through the alimentary tract of an animal. 
From what has been found in similar species it seems probable that they 
give rise to a number of zoospores, a character which is suggested by the 
multinucleated condition of the resting sporangium. There is no evidence, 
however, that these zoospores fuse in pairs when they escape, thus 
indicating a condition of sexual reproduction. 

Discussion. 

The systematic position of the species included in the Clado- 
chytridiaceae is very unsatisfactory, since it is a matter of disagreement 
in which of three genera a particular species should be placed. Mention 
has been made of the fact that C, graminis and C. {Physoderma) caespifis 
have been provisionally placed in the genus Cladockytrium, yet the 
obviously closely allied P, Agrostidis has been separated into another 
genus. It should be explained, however, that von Minden (7) transferred 
G. grammis also to the genus Physoderma, According to the original 
description of the genus Cladockytriiim^ as given by Nowakowski ( 8 ), the 
mycelium of the fungus always gives rise to a zoosporangium from which 
uniflagellate zoospores are produced. Such a condition has been described 
by Nowakowski ( 8 ) in C, teiiue, and it is also true of the less well-known 
C* polystomnm,^ described by Zopf (12), In neither of these species are 
resting sporangia known. In C. Noivahozoshii^ recently described by 
Sparrow (10), the mode of repi'oduction is normally by zoosporangia, but 
in a single instance a resting sporangium with a thick wall was observed, 


protoplast shortly after infection of the host-cell. The larger of the two bodies is the host-cell 
nncleus. 2. Young mycelium developing in a host-cell, 3 Mycelium showing the development 
of branches and secondary filaments and the commencement of swellings of the myceUuxn. 
4. Mature mycelium showing the swellings becoming differentiated into resting sporangia, 5. My- 
ceiium in which the whole is swollen, showing the gradual separation and contraction of the 
cytoplasm. 6. Mycelium with fully formed resting sporangia, y. Resting sporangium in a host- 
cell. 8, Resting sporangium showing the striated thickening sometimes appearing on the wall. 
9. Spherical resting sporangium, 
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showing that two types of sporangia could be developed. C. caespitis of 
Griffon and Maublanc can also produce both types of sporangia, only here 
the thick-walled type is the normal and the thin-walled the exception. It 
will be seen therefore that it is impossible to segregate into two genera 
those which reproduce only by zoosporangia and those which reproduce 
only by resting sporangia without encountering intermediate forms which 
^ appear to indicate that the one condition has originated from the other. 

The genus Physoderma is separated from the genus Cladochytrium by 
the fact that in the former genus resting sporangia only are produced, 
although in P, mactdare and P, bntomi zoosporangia have been recorded, 
albeit not derived directly from the mycelium. In view of the rare 
appearance of zoosporangia in C, caespitis it is quite likely that these 
structures also occur occasionally in several of the species now included in 
the genus Physoderma. In any case, under the present system C. caespitis 
obviously should not be placed in the genus Physoderma since it produces 
zoosporangia ; at the same time C. gramhtis and C. Agrostidis must be 
relegated to the genus Physoderma because, having been less closely 
investigated, no zoosporangia have been discovered, despite the fact that 
the three species are so much alike that only by small characters like the 
size of the resting sporangia can they be separated from one another. It 
seems likely, from a study of the various species which have been described, 
that the production of zoosporangia depends largely upon the conditions 
under which the fungus is growing. In those species which live in water 
plants there is a tendency to produce zoosporangia, especially in those 
parts of the plant which are in contact with the water, while on the other 
hand, in plants where there is less moisture, resting sporangia become the 
common mode of reproduction. 

When the genus Urophlyctis was erected by Schroeter (9) the problem 
became more complex. Schroeter considered that the turbinate enlarge- 
ments from which the resting sporangia develop constituted a sexual 
process, resulting in the formation of a sexually produced sporangium. In 
this view he was supported by Magnus in a series of papers (4), (5), and (6). 
This view has not been supported by more recent studies of the species,, 
and few workers now would regard the occurrence of sexuality in Uro- 
phlyciis as in any way probable. If, then, the resting sporangia eventually 
arise from the mycelium without any sexual process there is nothing to 
separate that genus from the genus Physoderma. We have, therefore, 
evidence that the three genera, Cladochytrmm, Physoderma^ and Uro- 
phlyciis, constitute an evolutionary series which cannot satisfactorily be 
split up. At the same time it is obvious that there is a marked difference 
between C. tenue djid Urophlyctis Alfalfae. Von Minden (7) got over the 
difficulty of separating the genera by rather artificial distinctions. In the 
Cladochytrium he placed only those forms in which reproductions 
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was by zoosporangia. He used the genus Physoderma for those species 
which reproduce by resting sporangia, but which cause only slight swelling 
of the host tissue ; while he relegated to the genus Urophlyctis those species 
In which typical hypertrophy was produced. This is obviously an un- 
natural classification, since, for example, Z7. pulposa possesses both zoo- 
sporangia and resting sporangia. 

It has been suggested that there is no evidence to show that the thick- 
walled structure characteristic of these fungi finally produces a number of 
zoospores, and that it should therefore be called a sporangium. As a matter 
of fact many books speak of it as a resting spore. One of the most critical 
investigations on this point was made by Tisdale (11), who found that the 
resting sporangium opened by a lid, through which numerous uniflagellate 
zoospores escaped. He studied their development, but obtained no evidence 
of any sexual fusion. It is unfortunate that the germination of these resting 
sporangia has been found so difficult to bring about in most species, as 
further light on their development might show that they were not all 
sporangia. At the same time, their general similarity in size and structure 
certainly suggests that they represent a similar organ in all the species. 

Fischer placed all the species known to him in the single genus Clado- 
ckyirmm, distributing them among three sub-genera, Cladosporangmm^ 
Physoderma^ and Urophlyctis, Despite the more recent elevation of these 
sob-genera to full generic rank it would seem that Fischer’s treatment is 
the most satisfactory. It is suggested that, using the same features which 
were employed by von Minden for distinguishing the three genera, these 
three sub-genera may be separated from one another without thereby 
splitting up the species so drastically as has been done by von Minden. 
Thus all species which ever produce resting sporangia should be included 
in the sub-genus Physoderma, and the sub-genus Clado sporangium should 
include only C, tenue and possibly C, polystomum and C, cormitum. On 
the other hand, in view of the small number of species which would be so 
included in this sub-genus, it might be more satisfactory to drop the sub- 
genus Physoderma and include all these species in the sub-geiius Clado-- 
sporangium, leaving the sub-genus Urophlyctis for those species in which 
definite hypertrophy is apparent. In this way the close sequence between 
C, tenue and such a form as C, caespitis would not be interrupted since they 
would all belong to the same sub-genus. Whatever the ultimate method 
may be whereby the classification of these fungi is effected, it must be 
recognized that the one at present adopted is both unsatisfactory and 
unscientific. 
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Summary. 

Cladochytrium caespitis Griffon and Maiiblanc is described from this 
country for the first time. The life-history has been followed and is found 
to agree with the previous account. 

Evidence is brought forward to show how this species differs from 
e.graminis Biisgen and C. Agrostidis Lag., and it is suggested that the 
organism described by Massee as C. graminis was probably C, caespitis. 
In this case there appears to be no record of either C. graminis or 
C. Agrostidis in this country. 

The classification of the three genera Cladochytrium, Physoderma, and 
Urophlyciis is discussed. It is urged that it would be better to revert to 
Fischeds treatment and regard them all as sub-genera of Cladochytrium, 
and that the two sub-genera Cladosporium and Physoderma should be 
combined, since a series of types passing from one sub-genus to the other 
can be traced* 

Department of Botany, 

Tpie University, Bristol* 

Feb-mary, 1933. 
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EXPLANATION OF PLATE III. 

Illustrating Dr. Ivimey Cook’s paper on ‘ Some Observations on the Genus Cladochytrium \ 

All figures magnilied 300 times. 

Fig. I. Photomicrograph of the sporangia of Cladochytrium graminis Biisgen from the leaf of 
Dactylis glomerata in the Kew herbarium. 

Fig. 2. Photomicrograph of the sporangia ot Physodenna Agrostidh Lag. from a leaf of 
Agrostu alba in the British Museum herbarium. 

Fig. 3. Photomicrograph of the sporangia of Cladochytrium {Physoderma) caespiiis Griffon 
and Maublanc from a root of Agrosth sp. from the Yorkshire material. 
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L Introductory. 

I T is now well known that in the mechanism of parasitism an important 
part is played by a cell-wall dissolving enzyme — pectinase — secreted by 
the hyphae of the parasite. The further questions arise as to whether 

^ Thesis submitted for Ph.D. of London University, Oct 1932. , '/> 

[Annals of Botany, Vol. ZLVIIl.'No. CLXXXIX. Jamiary, 1934.] ^ 
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parasitic fungi secrete such an enzyme over a range of nutrient conditions^ 
and whether the enzyme obtainable from one fungus agrees in properties 
with that obtained from another. This investigation deals chiefly with the 
latter problem, though the former is incidentally touched upon. 

11. Historical. 

The earlier literature dealing with the secretion of pectinase fcytase* 
of older papers) by various plant pathogenic fungi and bacteria has been 
summarized by Brown (1) in an earlier number of this series. It is only 
necessary therefore to review the relevant publications which have appeared 
since that date. 

In a later paper by Brown (2) it was shown that active preparations 
of the pectinase enzyme could be obtained not only from the fungal germ- 
tubes, but from the medium in which these had grown, and that in fact 
such preparations of exo-enzyme, though relatively impure, were the most 
active that had so far been obtained. With the method of preparation 
adopted, the enzymic activity reached a maximum within a few days of 
spore sowing, after which it diminished. 

Harter and Weimer (4) working with Rhisoptis triiici were able to 
demonstrate the presence of pectinase both in the mycelial extracts of the 
fungus and also in the decoction of sweet potato in which they grew it. 
They found that the activity of the endo-enzyme was greatest on the first 
and second days of growth, while that of the exo-enzyme had a broad 
maximum extending from the second to the seventh day. 

A comparison of the pectinase produced by different species of 
Rhizoptis was made by them. Eleven species of the fungus were used and 
all of these were found to produce the enzyme and to exude some of it 
into the culture solution. The amount of pectinase produced varied with 
different species. Two species ftigrica/is and artocarpi secreted relatively 
small amounts of pectinase while chinensis and microsportts^ two non- 
parasitic species, secreted a comparative!}^ large quantity of the enzyme 
into the culture solution. 

In a later paper, Harter and Weimer (5) examined the influence of the 
substrate and of its pH concentration on pectinase production. They 
grew Rkimpus on various plant decoctions and synthetic media. It was 
found that pectinase was produced on all vegetable media except prune 
juice, but not on a synthetic solution where glucose was the source of 
carbon. When pectin was substituted for glucose in Czapek’s Solution an 
active enzyme was produced. With sweet potato decoction the enzyme 
was produced at ail the different pH concentrations tried whereas Czapek's 
Solution over a wide range of pH concentration gave no evidence of 
enzyme secretion. Hence they concluded that the composition of the 



Menofi, — -Studies in the Physiology of Parasitism, XI P 189 

medium influences the production of pectinase while its pH concentration 
has no effect. 

Muhleman (' 7 ) has given evidence of the production of pectinase in 
Sclerotinia cinerca. He was able to demonstrate it in the watery extracts 
of the fungal mycelium but not in the medium (prune juice) in which he 
grew the fungus. He obtained the best results after 3, 4, or 5 days of 
fungal growth. 

Paul (8) demonstrated the presence of an exo~ and endo-enzyme in a 
number of strains of Boirytis cinerea and was unable to correlate the 
enzymic activities shown with the known differences in virulence of the 
strains. In this respect he confirmed the findings of Harter and Weimer. 

Willaman and Davison ( 9 ), in an investigation of the pectic consti- 
tuents of the plant cell-wall, examined the pectin -dissolving properties of 
certain fungi, more particularly those of a species of Rkizopiis. They 
divided the group of enzymes which affect pectin substances into three, viz. : 

{1) Pro topee tinase ( = ‘ pectosinase ’ of older nomenclature) which 
decomposes the insoluble protopectin present in the cell-walls, possibly in 
a loose combination with cellulose. The hydrolytic product is soluble 
pectin. 

(a) Pectase^ which converts pectin into a gel, pectic acid. 

(3) Pectinase (in narrow sense) which hydrolyses pectin and pectic 
add into their simple soluble cleavage products, arabinose, galactose, &c. 

As no one has yet examined biochemically the end products of the 
cell-wall action of B, cinerea it cannot be stated that all three enzymes 
cited above are present in extracts of this fungus. From the plant patho- 
logical point of view it is clear that it is the first enzyme that is of prime 
importance. Therefore in speaking of the pectinase of the fungi used in 
this work, it will be understood that it is the protopectiiiase of Willaman 
and Davison’s classification that is indicated. 

Recently a comparative study of the pectinase enzyme of a number of 
fungi was carried out by Chona ( 3 ), The fungi used were B. cinerea^ 
Fusarium fnictigenum^ Phytophthora eryt/iroseptica^ and Pythium etc 
Baryamim, The first two of these noi'mally attack apple and the last 
two potato tissue. The enzymes of Boirytis and Fusarium were obtained 
from the ground-up germ-tubes according to Brown’s method ; those of the 
potato-attacking fungi by growing the latter on sterilized, living potato 
tissue and squeezing out the juice from rotted portions. In all cases the 
enzymic solutions were used in the crude form. 

Chona tested these enzymes in regard to two properties, {d) dependence 
of activity on pH, {h) the relative retarding effects of plant juices on 
activity. He found that the curve of activity of Boirytis enzyme in re}?*- 
tion to pH showed a steep downward gradient on the alkaline side, though 
not so near to the neutral point as Brown had found. In contrast to this 
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behaviour the enzyme of Pytkuim was found, to increase in activity on the 
alkaline side. 

The retarding effect of plant juices on enzymic activity was studied 
with special reference to potato and apple juices. Cliona found that the 
enzymes of B. cinerea and F . frtictigenum were more sensitive to concen- 
trations of potato juice than of apple juice and that the converse applied as 
regards the enzymes of P. erythroseptica and P. de Baryanum. The 
specific retarding factor in apple juice was found to be its acidity ; that of 
potato juice to be its content of certain salt radicles, especially magnesium 
and phosphate. 

Chona^s work therefore suggested at least two types of pectinase 
(strictly protopectinase) enzyme, viz., that possessed by the potato-attacking 
fungi, characterized by sensitiveness to acidity and relative insensitiveness 
to certain salts, and that possessed by apple-attacking fungi characterized 
by the converse properties. 

The object of the writer’s study was to examine the conclusions which 
had been tentatively put forward by Chona. For this purpose a number of 
other fungi were introduced into this investigation. An important point 
to notice is that the enzymes used by Chona were of two sorts as regards 
method of preparation. In the case of the apple-attacking fungi he used 
solutions of the endo-enzyme as extracted from germ-tubes, whereas the 
preparations from Pythizmi and Phytophthora were exo-enzymic in 
nature. The latter preparations also were obviously highly impure. It 
was possible, therefore, that the results obtained by Chona might be due 
in part at least, not to the different fungi as such, but to the different 
methods of preparation or to different amounts of impurities involved. 
Accordingly, an attempt was made in this work to compare the enzymes 
from the various fungi used on a common basis, at least in the matter of 
preparation. 


III. Experimental Meti-iobs. 
(a) Fungi used. 

The list of fungi used in this work was as follows : 
Parasitic on apple : 

Botrytis cinerea. 

Monilia fructigena, 

Gloeosporium fructigenum. 

Fusarium fructigenum, C.^i strain of Brown. 

Parasitic on potato : 

Pythium de Baryanum. 

Phytophthora erythroseptica. 
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All these fungi were obtained from the stock cultures kept in the 
Plant Pathology Laboratory of the Imperial College of Science and 
Technology, London. Pure cultures were maintained and repeatedly sub- 
cultured on slopes of potato extract agar in boiling tubes incubated at 20° C. 

Preparation of Crude Ensymic Extracts. 

Two methods of preparation were adopted, viz., the plate method of 
Brown in which the fungi were germinated in liquid extracts, and a plug 
method where pieces of plant tissue were inoculated and subsequently 
extracted. The range of media employed was as follows ; 

Turnip jtiice, obtained by steaming peeled turnips cut up into small 
pieces, without addition of water, for half an hour ; subsequently straining 
off the liquid through line muslin and autoclaving for half an hour at 15 Ib. 
pressure. 

Potato juice. The method used for turnip extract is inapplicable to 
potato as the gelatinization of the contained starch makes the extraction of 
the juice very difficult. Peeled raw tubers were passed through a mincing 
machine and the juice then expressed through fine muslin. The liquid so 
obtained which contains a large amount of starch in suspension was cleared 
in the centrifuge. The cleared liquid cannot be steamed or autoclaved 
without formation of a copious sticky precipitate. As it was proposed to 
use an extract approximating as closely as possible to the natural sap of 
potato, such heat sterilization methods were inadmissible. The following 
compromise was adopted. 

The cleared liquid was kept for 24 hours in an ice chest, after which 
it was heated for a short time to C. and then returned to the ice chest. 
This process was repeated three times. The liquid thus treated was much 
more slowly overrun with bacteria when used for the preparation of the 
enzyme than when merely kept in the ice chest. The three short heat 
treatments were not sufficient to cause any noticeable coagulation of the 
protein contents. 

Synthetic medium of the following composition : 

Glucose 25 grm, 

Asparagin 10 „ 

KH,P 0 , 5 n 
MgSO^ a-5 „ 

Water 1,000 c.c. 

This medium was sterilized in the autoclave in the usual way. Other 
media used were plugs of potato, apple, and turnip. 

The details of preparation of the crude extract for each fungus will 
now be described. 

(i) Botrytis cinerea. A dense spore suspension of the^ fungus:'; was;' 
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made by adding o*i cx. wet volume of the spores to 10 c.c. of the nutrient 
liquid* This suspension was sown on circular glass plates that had been 
sterilized by autoclaving and laid horizontally one on top of the other on 
small porcelain insulators* The tier of plates thus formed was set in a 
large flat-bottomed dish containing water so as to check evaporation, and 
the whole covered by a large bell jar. After 48 hours’ growth the mass of 
germ-tubes was scraped ofif and the fluid of germination separated by flltra- 
tfoii through muslin. This liquid, which contains a strong solution of the 
enzyme was in general used straight away, but in some cases the active 
principle was purified and collected as will be described later. 

The mass of germ-tubes was placed in a muslin bag, washed well first 
in running tap-water and afterwards in sterile distilled water to remove any 
trace of nutrient that might be present. The water from the gelatinous 
mass of germ-tubes thus collected was squeezed out as much as possible 
and the whole mycelial mat spread on a plate and dried in 'vacno over 
calcium chloride in a desiccator. The dry mycelium was scraped off with 
a knife, mixed with an equal weight of sand and ground to a fine powder. 
The extract from this powder was obtained by digesting it in distilled 
water in the proportion of o-Q, grm. to 3 c.c. of water. The sand and fungal 
debris from the extract were removed by centrifuging. The media used in 
this connexion were potato and turnip extracts and the synthetic solution. 

The method of using plugs of plant tissue was adopted by Chona in 
the preparation of the enzymes of Pyihium and Phytophthora from potato 
tissue. He attempted to keep the conditions of growth as natural as 
possible by using unheated tissue. With this object in view he sterilized 
the potatoes externally by steeping the peeled tubers in mercuric chloride 
solution for 30 minutes and then washing the traces of the latter off in 
sterile distilled water. The washed tubers were placed in sterilized jam 
jars having some moist absorbent cotton wool at the bottom to maintain a 
humid atmbsphere for the growth of the fungus. The mouths of the jam 
jars wete closed with the lids of Petri dishes. The tubers were then 
inoculated with the fungi and incubated at C. for a week. After this 
time it was found that a good portion of the potato was rendered soft by 
the fungal invasion. The rotted portions of the tubers were scraped off 
with a knife, collected in a muslin bag, and the juice extracted under slight 
pressure. This juice was tested for enzymic activity and found to be 
quite active. 

In practice this method proved to be very troublesome, as whole 
batches were spoiled from time to time by bacterial contamination. As 
the method of surface sterilization appeared to be sufficiently drastic, it 
may be seriously doubted whether the contaminating bacteria were not 
already present within the tissue of the potatoes used, and were able to 
,y^evelop under the conditions of the experiment. , Some; preparations were, 
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liowevei% successfully carried out with living material in the manner indi- 
cated, but the problem was much simplified when it was found that the 
same type of result was got by the use of heat-sterilized tissue. For this 
purpose pieces of potato tissue about i inch thick and % inches long were 
placed in large plugged boiling tubes (i-|''x7'') on top of a wad of moist 
cotton wool and autoclaved. Plugs of apple and turnip were similarly 
used. The inoculated plugs were incubated at ao^C. for ten days^ by 
which time it was found that they were completely covered with fungal 
growth. The juice of the infected tissue was now extracted in the usual 
way, cleared of spores and mycelial debris by, centrifuging, and purified by 
the method to be described later. 

(ii) Monilia fructigena. Earlier workers have reported failure to 
obtain the pectinase enzyme of this fungus. Willaman and Davison worked 
with Monilia fructigena and M. cinerea^ and to obtain the enzyme grew 
them in culture flasks on prune juice. The mycelia were harvested after 
two days, dried and ground, and an extract made by digesting the powder 
in water. It was found that the fungal extract did not show any indication 
of the presence of the enzyme. The medium in which the fungi had been 
growing was also tested for enzymic activity, but here also the results were 
disappointing. 

Willaman and Davison next used Brown's method of sowing thick 
spore suspensions of the fungi in a nutrient medium in flask cultures and 
allowing them to germinate for just hours. After this time the mycelial 
growths were treated as before, but the extracts so obtained did not show 
any pectinase activity. 

To obtain the enzyme from Monilia in the course of the present work 
the fungus was grown in flask cultures on different media, e.g. extracts of 
potato, apple, and turnip, oatmeal porridge, Richards's and Brown's solu- 
tions. Pectinase activity was tested for both in the mycelial extracts and 
in the liquids in which the fungi had been growing. In all these cases the 
results were negative. 

The failure of Willaman and Davison to obtain the enzyme was 
probably due to the fact that the time allowed for the germination of these 
fungi was too short. Brown in his enzymic work used B, cinerea, which, 
being a rapidly growing fungus produced in 34 hours enough mycelial 
germ-tubes to secrete the enzyme copiously* As will be seen later in this 
work it has been possible to obtain the pectinase from Monilia by Brown's 
method. It was found that there was not enough mycelial growth, even 
after 48 hours, and therefore the time allowed for germination was lengthened 
to five days. 

The cultures of Monilia nstd for the preparation of spores in quantity 
were set up on potato mush agar acidified with a trace of malic acid and 
Incubated at ao® C. The details of .preparation of the ..crude, enzymie' 

■■ 'o 
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solutions are identical with those for Botrytis except that the time allowed 
for growth of germ -tubes was five days. This rather lengthy germination 
period made it impossible to use potato extract as nutrient, since this 
medium is too favourable to bacterial growth. The medium used was 
turnip extract. 

This fungus was also grown on autoclaved plugs of potato, apple, and 
turnip, and extracts prepared as described for Botrytis. 

(iii) Pythium de Baryamim and Phytophthora erythrosepiica. In 
the case of these two potato-attacking fungi, Brown’s method of sowing 
thick spore suspensions on glass plates could not be employed on account 
of the relatively few spores produced. Other methods were tried. Culture 
flasks containing different media were inoculated with the fungi and 
incubated at C, The various media tried were potato extract, potato 
mush, turnip extract, oatmeal extract, Richards’s solution, and Brown’s 
solution. Both the fungi were found to grow well on all the media used. 
The mycelial growths were harvested at various intervals of time and 
pectinase activity was tested for, both in the watery extract of the dried 
mycelia and in the media in which the fungi had been growing. In all 
these cases there was no evidence of the presence of an enzyme. 

Active extracts were finally obtained by growing these fungi on plugs 
of sterilized potato tissue and expressing the juice after the manner 
described above. 

(iv) Ftisariiim fruciigenum and Gloeosporium fructigenum. The 
enzymes from these two fungi were prepared by the plug method, and in 
the case of the former also, by the plate method of Brown. Turnip plugs 
were used and the crude enzymes were collected in the usual way, 

(c) Purification op Enzymic Extracts. 

The various enzymic extracts prepared as described above are 
obviously of different degrees of impurity, and some of them contain 
relatively large amounts of substances derived from the host tissues. Some 
degree of purification was therefore called for. The method adopted was 
the following : 

The crude enzymic solution, in whatever way prepared, was first 
cleared of matter in suspension by centrifuging, then added to three times 
its own volume of 95 per cent, alcohol. The precipitate formed was 
separated by centrifuging, transferred to a glass plate and dried in vacuo 
over calcium chloride in a desiccator. The dried precipitate was scraped 
off the glass plate, mixed with an equal weight of silver sand, and ground to 
a fine powder in a mortar. For experimental purposes 0-5 grm. of this 
powder was added to %o c.c. of distilled water and the sand from the 
solution removed by centrifuging. 

Though it will appear probable from results to be described later that 
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some important impurities have not been removed by the process of 
precipitation with alcohol, it is certain that a large amount of crystalloidal 
alcohohsoluble impurity is thereby eliminated. Repetition of the process 
with a view to further purification was not attempted in view of the 
laborious method of preparation entailed and of the losses of active 
enzyme which follow from attempts at purification. All the enzymic 
preparations used were subjected to one purification, and to no more. 

(d) Quantitative Comparison of Enzymic Extracts. 

In the absence of a purely chemical test based upon the hydrolysis of 
a pure pectin substrate, Brown’s mechanical test method was adopted. 
This consists in determining the time required for the loss of coherence to 
take place when discs of plant tissue of standard thickness are immersed 
in the enzymic solution. 

For this purpose a cylinder of approximately 1-5 cm. in diameter is 
cut from the plant tissue (e.g. potato tuber), placed for half an hour in 
water to become completely rigid, then cut into discs of 0*5 mm. thickness 
on a hand microtome. These discs after being placed in the enzymic 
solution are examined at frequent intervals by slight pulling. The end 
point of the reaction is when discs can be torn without sensible mechanical 
resistance. As a standard test three discs were placed in each % c.c. of 
the enzymic solution. 

The tissues used were potato, turnip, and apple. Potato was much 
the most useful, as suitable tubers could be obtained all the year round. 
Turnip tissue is only suitable when the roots are fairly young, and relatively 
few apple varieties can be used as the majority of those obtainable in the 
shops have tissues too soft or too crumbly for this purpose. 

In any particular comparison it is essential that the test-discs be all 
cut from the same tuber as there is considerable variation from one tuber 
to another as regards the rate of enzymic digestion. 

(e) Determination of Hdon Concentration. 

Enzymic extracts of different acidity or alkalinity were prepared by 
the careful addition of decinormal HCl or NaOH. Control series were set 
up by making similar additions to enzymic solutions which had been de- 
activated by boiling. The range of pH concentrations over which tests 
could be made was limited by the fact that high H-ion or OH-ion concen- 
trations both have in themselves a macerating effect on plant tissue. 

The pH concentration of a solution so made was first approximately 
determined by a spotting method, using the B.D.H. Universal Indicator. 
When the pH value was thereby roughly fixed, i c.c. of the solution was 
diluted to 10 c.c. with distilled water and a standard quantity of the 
appropriate indicator added. The^pH was determined to' within 0*22; of a; 
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unit by comparing the colour given by the indicator with a series of 
standard coloured charts (Clark). 

(f) Dilution of Enrsymic Extracts loith Plant Juices. 

The plant juices used were those of potato, apple, and turnip. For 
this purpose the plant tissue was cut into small pieces, wrapped in unsized 
filter-cloth, and the juice squeezed out under high pressure in a mechanical 
press. The turbid liquid so obtained was cleared as far as possible by 
centrifuging and used in making a standard series of dilutions of the 
enzymic extract. The effect of mere dilution on the activity of the extract 
was determined by running a control series in which the diluent was pure 
water. 


IV. Experimental Results. 

(a) The Effect of H -ion Co7icentration on the Activity of 
Enzymic Extract. 

A range of pH concentrations was set up by adding o-i, 0-5, and 
0*7 c.c. of N/io HCl and N/io NaOH to each 4 c.c. of enzymic solution. 
In order to control any hydrolytic effect due to the acid or alkali concen- 
tration itself a parallel series was set up in which the active enzyme was 
replaced by enzyme deactivated by boiling. Two c.c. of each solution was 
removed and used for the determination of the pH values, to the remainder 
were added the test discs of tissue and the time required for disintegration 
noted. The inverse of this time is taken as a measure of enzymic activity. 
As a standard for comparison the activities are reduced to a basis of .100 
for the solution to which neither acid nor alkali has been added. Table I 
gives an illustrative set of figures for the enzyme of B. cinerea as prepared 
by extracting germ-tubes grown in turnip extract. The test tissue used was 
potato. 





Table I. 

Active enzyme, 


Deactivated 

enzyme. 


Preparation 

pH. 

Time. 

Activity. 

pH: 

Time. 

4 'C.G. 

, + 07 C.C. N/IO HCl 

2-6 

0*8 hrs. 

237 

2-8 

3 -S h 


+ 0 -S .. » 

3.8 

I-O „ 

190 

40 

>24 , 

JJ 

+ °-3 

5*0 

1*5 ,, 

127 

5*2 

J? 3 

n 

+ 0-1 » » 

5-4 

1*8 „ 

I 06 

5*6 


J5 


6*6 

1*9 

100 

6*8 


5’ 

+ 0-1 C.C. N/io NaOH 

7-2 

2*3 j? 

S 3 

7*4 



+ 0-3 » 

8*2 

4-0 „ 

47*5 

8-4 



■I" ^'5 St St 

9‘4 

8-0 „ 

23.75 

• 9*4 

5 ’ 

ij' 

+ 07 >, :» 

9*8 

S -17 „ 


9*8 

2*8 


Within the limits of pH 3'8-8-a there was no appreciable maceration 
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due to the acid or alkali added, and the effect observed can therefore be 
ascribed to the action of the enzyme. 

As a general control to these experiments a series of solutions of 
different pH was set up by adding various amounts of decinormal add or 
alkali to water (with o-i M glycocoll added as a buffer), and testing the 
range within which there was no appreciable maceration caused by the 
chemical. In various tests, both with potato and and turnip tissues, it was 
found that the limits within which decomposition of the discs could be 
definitely ascribed to the enzyme were 3*1— 3*5 to 9-o-9*4. For the sake of 
safety all parts of the curves outside the range 3’5-9'0 are disregarded. 

Figs. 1-6 illustrate the effect of pH upon the activity of Botrytis 
enzyme prepared in a variety of ways. 

The general shape of all these curves is the same, viz., a fall from the 
acid to the alkaline side. The rather steep rises shown in some of the 
graphs at the acid end may in part be due to incipient hydrolysis by 
the acid, and should be interpreted conservatively. 

In each of Figs. 1-6, and in all subsequent figures, unless otherwise 
stated, the activity of the enzymic solution to which neither acid nor alkali 
is added is taken as 100. The absolute activities are therefore not com- 
parable as from one figure to another. It will be noted that the pH of the 
purified enzyme, indicated by the ordinate, varies somewhat, lying usually 
between pH 6-7, but that in the preparation from apple plugs (Fig. 6) it is 
distinctly higher. This difference presumably indicates incomplete purifi- 
cation. 

Figs. 7-10 illustrate the behaviour of the enzyme of M. fi'uctigena* 
A comparison of Figs. 7 and 8 show’^s that, even when the fungus is grown 
on the same medium, preparations of exo-enzyme and endo-enzyme behave 
differently. Figs. 9 and 10, while agreeing with each other, show enzymic 
solutions which behave differently from those of Figs. 7 and 8. This is all 
the more remarkable as Figs. 8 and 9 both refer to the exo-enzyme of 
Monilia prepared from turnip media, viz., turnip juice in the former and 
turnip tissue in the latter. 

A corresponding curve w^as prepared for the exo-enzyme of Monilia as 
grown on potato plugs. This was very similar to the curves of Figs. 9 and 10, 

A further series of graphs for the four remaining fungi examined is 
shown in Figs, ii-id. 

All these curves are of the same type as shown for M . fructigena ^ 
under the same conditions. 

The only references bearing on this subject are those by Brown ( 1 ), 
Willaman and Davison ( 9 ), and Chona ( 3 ). Though Brown expressed his 
results in terms of titrable value and not of pH, it is clear that he found 
an optimum enzymic activity in the neighbourhood of the neutral point, 
activity falling off gently towards the acid side and very shatply oh 








Fig. 5. Fig. 6. 

Figs, 1-6. Effect of pH on activity oi Botrytis cmena enzyme. x. Endo-enzyme, spores 
germinated in turnip juice* Fig. 3. Endo-enzyme, spores germinated in potato juice* Fig. 3. Exo- 
enzyme, spores germinated in turnip juice. Fig. 4. Exo-enzyme, fungus grown on turnip plugs. Fig. 
5. ' Exo-enzyme, fungus grown on potato plugs. Fig, 6. Exo-enzyme, fungus grown on apple plugs. 



Memn.—Studies in the Physiology of Parasitism. XIV. 199 


the alkaline side. Willaman and Davison found an optimum point for the 
activity of the enzyme of Rhizopus tritici in the neighbourhood of pH 5. 



Fig. 7. Fm. 8. 

Figs, 7 and 8. Effect of pH on activity of Monilia jniciigena enzyme prepared from spores 
germinating on turnip juice. Fig. 7 * Endo-enzyme. tig. 8. Exo-enzyme. 



Fig. 9. Fig. 10. 

Figs. 9 and lo. Effect of pH on activity of Monilia fructigena enzyme. Fig. 9. Exo-enzyme 
from turnip plugs. Fig. 10. Exo-enzyme from apple plugs. 


The results given by Chona for the internal unpurified enzyme of Botrytis 
prepared from spores grown on potato juice and for the external unpurified 
enzyme of Pythmm prepared from invaded potato plugs agree respectively 
with Figs. 3 and 14 of this paper. 





fjG. 13. 


S&o 



Prt CCVNC" 



Fig. 14. 



PH ■■ ConcjT- 


Fig. 15. 

Figs, j 1-16. Effect of pH on activity of exo-enzyme of vauous fungi on various media. Fig. 1 1. 
Ftisarium fmctigenum grown on autoclaved turnip plugs. Fig. is. Gloeospmiumfniciigsfmm, as 
tn Fig. II. Figs 13 and 14, jytMum d& Fmyamtm, grown on autoclaved ana fresn potato plngS; 
respectively. Figs. 15 and 16 Phytophthcm efyihroseptia, as in Figs. 13 and 14, respectively. 
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It is dear, therefore, that there is very considerable variation in the 
results which have been obtained. A consideration of the different results 
obtained by Brown and the writer for the enzyme of B. cinerea suggests 



PH-CONcc "PH-coHca. 


Fig. ij-. Fig. i8. 

Figs. 17 and iS. Effect of pH concentration on activity of mixed enzymic preparations. 
Pig. 17, Active enzyme + equal volume of deactivated enzyme. Fig. 18. Active 

Pftkium enzyme -1- equal volume of deactivated Bohytis enzyme. 

that different strains of the same fungus may vary in that respect. This 
type of result is not without parallel in enzymic literature, e.g. in the 
different affinity constants shown by the invertase enzyme prepared from 
different yeast races by Kuhn (6). 

That the enzyme from the same fungus does not always behave in the 
same way is illustrated by the behaviour of the preparations from Monilta 
fructigena (Figs. 7-10). This result is perhaps best explained on the 
grounds that the effect of pH on enzymic activity is conditioned to some 
extent by the presence of accessory substances or impurities. That 
impurities are still present in the preparations which have been subjected 
to one precipitation by alcohol is indicated by a certain amount of variation 
in the pH of the standard preparations, as already noted (p. 197). One is 
led to suspect therefore that the process adopted only gives partial purifi- 
cation, and that certain impurities which remain considerably modify the 
behaviour of the enzyme. As a parallel illustration may be cited the 
observation of Willstatter and co-workers (10) who found that the optimum 
pH for the lipase of the stomach was markedly affected by the degree of 
its purity, 

As there is evidence that there are impurities which canuQt be rembyed 
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by precipitation with alcohol, an attempt was made to circumvent their 

action by the following procedure. 

Instead of using the enzyme from B. cinerea, a mixture was made by 
the addition of an equal quantity of the enzyme from Pythium deactivated 
by boiling. A similar preparation was made from Pyihium enzyme by 
the addition of an equal quantity of deactivated Botrylis enzyme. The 
impurities of the two enzymes are thus divided on a common basis^ 
assuming of course that these impurities are not destroyed or altered in 
properties by boiling. The relation of pH to enzymic activity was tested 
in those mixtures. Figs. 17 and 18 show the results obtained. 

Fig. 17 is similar in shape to Figs, i and z which refer to Botrytis 
enzyme alone, and Fig. 18 is similar to Figs, 13 and 14 which refer to 
Pythium enzyme alone. It thus appears that when one ensures that as far 
as possible the same impurities are present, the enzymes of the two fungi 
behave differently. The suggestion to this effect put forward by Chona is 
thus fully supported. 

(b) Retarding Effect of Pla 7 tt Juices on Enzymic Activity. 

It was found by Chona that the internal enzyme from the apple- 
attacking fungus, B. cinerea^ was more sensitive to potato juice than to 
apple juice, while the external enzyme from Pythium which is a potato- 
attacking fungus was more sensitive to apple juice. The work which will 
be described in this section is an extension along these lines. 

Starting from the original enzymic extracts, a series of dilutions was 
set up — full strength, 80, 60, 50, 30, 20, and 10 per cent. — the diluting 
liquids being water and various plant juices of full strength prepared as 
described previously. The activities of these enzymic dilutions were 
determined on standard tissue discs as usual. An illustrative set of figures 
giving the time in hours necessary for loss of coherence is contained in 
Table II. The enzyme used in this case was the internal enzyme from 
B. cinerea obtained by growing the spores on turnip juice extract. 


Diluting liquid. 100 %. 

Water 1-5 

Potato juice „ 

Apple juice „ 

Turnip juice „ 


Table II. 

80%. 60%. 50%. 

2*0 2'5 3*25 

5*8 20 >24 

4*6 4*8 5*6 

2-0 4*5 5.0 


30 %. 20 %. 10 %. 

3-5 3-8 4-S 

>24 >24 >24 

6-5 7-5 21 

6-0 6-5 7'0 


On taking the inverse of these times as a measure of activity and 
giving the activity of the undiluted enzyme a value of loo, one obtains the 
graph shown in Fig. 19, Figs. 19-34 are a representative set of such 
graphs. 

; All the data obtained in this connexion are summarized in Table III. 







Figs. 19-22. I^ffect of dilution with water (W), and potato (P), apple (A), and turnip (T) 
juices on enzymic activity. Fig. 19. Botrytis prepared from potato extract Kg. 20^ 

Boirytis exo-enzyme, prepared from potato extract. Fig. 2I. Botrytis exo-enzyme^ prepared frotn 
potato plugs. Fig. 22, exo-enzyme, prepared from apple plugs. 
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The notation used in the last column of the table will be understood from 
the following' example : byP>A>T = Wis meant that — 

(i) Potato juice has a distinctly greater retarding action than apple 
juice« 




Fig. 23. Fig. 24. 

Figs. 23, 24. Effect of dilution with, water (W), and potato (P), and apple (A) juices on 
enzymic activity. Fig. 23. Fylhium exo-enzyme, prepared from potato plugs. Fig. 24. PhytO'" 
phthora exo-enzyme, prepared from potato plugs* 


(2) Apple juice has a slightly greater retarding action than turnip 
juice. 

(3) Turnip Juice does not differ from water in its action. 

The results of Table III are derived from experiments carried out at 
all seasons of the year, and therefore with plant material which varied 
considerably in composition. In spite of this, however, a good degree of 
regularity in the results is shown. Though complete data for some of the 
fungi are not available, there is a clear suggestion from Table III that the 
external enzyme prepared on a particular medium is less sensitive to that 
medium than to another. This conclusion comes out most distinctly when 
one confines attention to exo-enzyme prepared on apple or potato media 
and tested with apple or potato juices, as shown in Tc ble IV which is 
abstracted from the preceding Table. 

The preparations of endo-enzyme need not be considered in this com 
iiexion, partly because the data 'are .so'few, and partly because it is the 
behaviour of the exo-enzyme that it is 'obviously of chief interest* 
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Table III. 


No. 

F Lingus. 

Enzyme. 

Nutrient medium. 

Retarding effect. 

I. 

Botrytis 

Endo 

T. extract 

P>A>T>W 

3. 

J 3 

53 

33 35 

P>A >W 

3 - 

33 

33 


P>A >W 

4 - 

33 

Exo 

Synthetic 

P>A >W 

5 * 

55 

33 

35 

P>A >W 

6. 

53 

53 

T. extract 

P ^ A > T>W 

7. 

33 

33 

53 53 

P>A >W 

8. 

33 

33 

1^- » 

A>P>T>W 

9. 

35 

33 

35 33 

A>P >W 

10. 

•3 

35 

T. plug 

A>P=T>W 

n. 

33 

•3 

33 33 

A>P >W 

12. 

35 

35 

P- » 

A>P >W 


33 

33 

A. „ 

P>A=T>W 

14. 

33 

53 

33 35 

P>A =W 

IS- 

Momlia 

Endo 

T. extract 

A^P >W 

16. 

33 

Exo 

55 35 

A>P=T>W 

17. 

35 

55 

P. plug 

A>P >W 

28. 

3 ) 

35 

T 

j. . jj 

A>P>T>W 

19. 

55 

33 

33 33 

A>P >W 

20. 

53 

33 

A. „ 

P>A >W 

21. 

Fusarium 

53 

T. „ 

A>P-T>W 

22. 

Gloeos^porium 

3 » 

33 35 

A>T>P>W 

23- 

S3 

>3 

53 33 

A>P >W 

24. 

Pythhmi 

3’ 

P. „ 

A>P >W 

25. 

35 

53 

33 33 

A>P W 

26. 

Phyiophthora 

35 

33 33 

A>P=T^W 



Table 

IV. 



No. in Table III. 

Fungus. 

Medium. 

Retarding effect. 


8 and g 

Botrytis 

P. extract 

A>P 


12 

33 

P. plug 

A>P 


13 and 14 

33 ^ 

A. 

P>A 


17 

Mofiilia 

P. „ 

A>P 


20 

SJ 

A. „ 

P>A 


24 and 25 

Pythium 

P. 

A>P 


26 

PhytopJitJwra, 

P. 

A>P 


Potato and apple are presumably the most dissimilar of the three 
plant media used, and so the contrast ‘ Potato v. Apple ^ is more clean cut 
than either of the contrasts ^Potato v. Turnip' or ‘Turnip v. Apple'. 
Nevertheless the data regarding the two latter comparisons indicate the 
same general conclusion. Compare, for example, nos. 10 and 13 of 
Table III as regards * Turnip v. Apple ' and nos. 6, 8, and 10 of Table III 
as regards ‘Turnip v. Potato'. It appears that the retarding action of 
turnip juice tends to be less than that of potato or apple juice, but that 
when the enzyme is prepared on media other than turnip, the retarding 
action of turnip juice is considerably enhanced. 

Just as was shown in the section dealing, with the effect of pH concen- 
tration on activity, so also it appears here that some substances associated 
with the enzymes in accordance with the manner of their preparation 
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The notation used in the last column of the table will be understood from 
the following example : by P > A > T = W is meant that — 

(i) Potato juice has a distinctly greater retarding action than apple 
juice* 




Fig. 23. Fig. 24. 

Figs. 23, 24. Effect of dilution with water (W), and potato (?), and apple (A) juices on 
enzymic activity. Fig. 23. Pythium exo-enzyme, prepared from potato plugs. Fig. 24, Phyto^ 
phthom exo-enzyme, prepared from potato pings. 

(2) Apple juice has a slightly greater retarding action than turnip 
juice. 

(3) Turnip juice does not differ from water in its action. 

The results of Table III are derived from experiments carried out at 
all seasons of the year, and therefore with plant material which varied 
considerably in composition. In spite of this, however, a good degree of 
regularity in the results is shown. Though complete data for some of the 
fungi are not available, there is a clear suggestion from Table III that the 
external enzyme prepared on a particular medium is less sensitive to that 
medium than to another. This conclusion comes out most distinctly when 
one confines attention to exo-enzyme prepared on apple or potato media 
and tested with apple or potato juices, as shown in Table IV which is 
abstracted from the preceding Table. 

The preparations of endo-enzyme need not be conside,red in this con- 
nexion, partly because the data are so few, and partly because it is the 
behaviour of the exo-enzyme that it is obviously of chief ifiterest. 
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Table III. 


No. 

F iingus. 

Enzyme. 

Nutrient medium. 

Retarding effect. 

I. 

Botrytis 

Endo 

T. extract 

P>A>T>W 

2 . 

V 

33 

35 33 

P>A >W 

3* 


53 


P>A >W 

4. 

n 

Exo 

Synthetic 

P>A >W 

5- 

3J 

33 

33 

P>A >W 

6. 

3 3 

33 

T. extract 

P > A > T>W 

7 . 

33 

33 

33 33 

P>A >W 

8. 

33 

35 

i"- „ 

A>P>T>W 

9 . 

55 

?5 

33 33 

A>P >W 

10 , 

;5 

33 

T. plug 

A>P==T>W 

11 . 

33 

33 

33 33 

A>P >W 

12 . 

33 

33 

P- » 

A>P >W 

13 * 

33 

35 

A. „ 

p>A==T>W 

14 . 

35 

5) 

3 3 33 

P>A =W 

15 . 

Moflilia 

Endo 

T. extract 

A^P >W 

16 . 

35 

Exo 

33 33 

A>P=T>W 

17 . 

33 

53 

P. plug 

A>P >W 

18 . 

53 

33 

T. „ 

A>P>T>W 

19 * 

33 

33 

33 33 

A>P >W 

20. 

33 

33 

A. „ 

P>A >W 

21. 

Fusarium 

33 

T. „ 

A>P=T>W 

22. 

Gloeosporium 

55 

33 33 

A>T>P>W 

23* 

53 

33 

33 33 

A>P >W 

24. 

Pythium 

3 ’ 

P- » 

A>P >W 

25. 

33 

Phyiophthora 

5 ) 

33 53 

A>P W 

26. 

33 

33 33 

A>P=:T>W 


Table IV. 


No. in Table III. 

Fungus. 

Medium. 

Retarding effect. 

8 and 9 

Botrytis 

P. extract 

A>P 

12 

35 

P. plug 

A>P 

13 and 14 

33 _ 

Monilia 

A. „ 

P>A 

17 

A 3, 

A>P 

20 

53 

A. 

P>A 

34 and 25 

Pythmm 

T* ,3 

A>P 

26 

Pkytopithora. 

P. 33 

A>P 


Potato and apple are presumably the most dissimilar of the three 
plant media used, and so the contrast ' Potato v. Apple ^ is more clean cut 
than either of the contrasts ^Potato v. Turnip’ or ‘Turnip v. Apple’, 
Nevertheless the data regarding the two latter comparisons indicate the 
same general conclusion. Compare, for example, nos. 10 and 13 of 
Table III as regards ‘ Turnip v, Apple ’ and nos. 6, 8, and 10 of Table III 
as regards ‘Turnip v. Potato’. It appears that the retarding action of 
turnip juice tends to be less than that of potato or apple juice, but that 
when the enzyme is prepared on media other than turnip, the retarding 
action of turnip juice is considerably enhanced. 

Just as was shown in the section dealing with the effect of pH concen- 
tration on activity, so also it appears here that some substances associated 
with the enzymes in accordance with the manner of their preparation 



100 ^50 D 10 O 

Dilution. 

Fig. 26. 



Fig. 27. Fig. 28* 

Figs, 25-8. Effect of dilution on enzymic activity {Bottyiis cinerea). Fig 25. Exo-enzyme 
from tnmip. Fig, 26, Exo-enzyme from turnip deactivated enzyme from apple. Fig, 27. Exo- 
enzyme from apple. Fig. 28. Exo-enzyme from apple + deactivated enzyme from turnip. 
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influence the behaviour of the enzymes in the presence of retarding agents. 
These associated substances are not removed, at least entirely, by a single 
precipitation with alcohol. An experiment was therefore carried out to 
see if the same kind of difference would be shown if the impurities are 
approximately the same in both cases. The method adopted was the 
same as already described (p. 

The crude external enzyme of Boiryiis was extracted In the usual 
way from cultures on turnip and apple plugs and the following prepara- 
tions tested against potato and apple juice : 

(i) Botrytis enzyme from turnip tissue (Bt). 

(ii) „ „ „ apple „ (Ba). 

(iii) Bt + deactivated Ba, in equal proportions. 

(iv) Ba+ n Bt „ „ „ 

Figs. 25-8 illustrate the effects of dilution with various media on the 
activities of these four preparations. 

It appears therefore that the enzyme of B, cinerea prepared from 
apple plugs shows the same features whether used alone or mixed with the 
deactivated extract from turnip ; and similarly for the enzyme prepared 
from turnip plugs. This result is similar to that already described (p. 202). 
The further consideration of this point will be given in the next section. 

In analysing the retarding effects of potato and apple juices on 
enzymic activity Chona found that the specific action of potato juice was 
due chiefly to its content of magnesium sulphate and potassium phosphate. 
As we have seen that the sensitiveness of the pectinase enzyme to various 
plant juices varies according to the manner of preparation, one would 
anticipate that Chona s conclusions regarding these particular salts would 
also stand in need of revision. Experiment has shown that this is the case. 

Table V shows how equal concentrations of MgS04 and K3PO4 affect 
the activity of the external and internal enzymes of Botrytis prepared from 
cultures on turnip juice. 


Table V, 


Enzyme. 

Diluent. 

100%. 

SO %. 

25 %• 


r Water 

100 

7 i 

43 

Endo 

0-4 % MgSO, 

}} 

0 

0 


i 0-6 % K3PO, 


0 

0 

1 

f Water 

IQO 

75 

50 

Exo 1 

0-4 % MgSO, 

77 

50 

33 

i 

1 0-6 % K3PO4 

77 

33 

0 


It is clear that both salts exert a retarding action, but that the latter 
is much greater in the case of the endo- than of the exo-enzyme. 
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V. Discussion. 

It will be remembered that Chona, working with the endo-eiizyme of 
Botryiis and the exo-enzyme of Pythhim^ found that there was a marked 
difference between them in add relationships and in tolerance of certain 
chemicals and plant juices. He was led to consider that there were at 
least two types of pectinase enzyme. The data presented here point to 
another conclusion. While Chona’s results have been fully confirmed, it 
has been found that the same differences of behaviour noted by him as 
between the enzymes of Botrytis and Pythinm may be shown by enzymic 
preparations of the same fungus according to the method of preparation. 
It is more rational therefore to postulate the same enzyme in all cases and 
to ascribe the differences observed to accompanying substances. Such 
substances might be constituents of the medium in which the fungus has 
grown, or metabolic products arising in the course of growth. In that case 
there would be no difficulty in understanding why the same fungus, when 
grown on different media, should give enzymic preparations which acted 
differently, or why the enzymic preparations of different fungi grown on 
the same medium might be different. The pectinase could quite well be 
the same in all cases, but its action would be conditioned by a different set 
of substances in each case. 

As the enzymic preparations purified by alcoholic precipitation still 
show the differences in question, it is clear that the modifying substances 
are not easily removed from the enzyme, and one is led to suspect adsorp- 
tion compounds. The results obtained with mixed enzymic preparations 
(pp, and S07) would then be interpreted on the assumption that the 
‘ accompanying substances ’ are likewise deactivated by heating or that 
the enzyme when saturated with one set of substances can no longer 
adsorb another set. 

It is obvious that the results of this paper render the interpretation of 
the phenomenon of parasitism on an enzymological basis more complex. 
The experimental technique can, however, probably be simplified in such 
a way as to lead to further results. The specific retarding substances are 
of quite siinple nature, viz., acids or salts, and one is not therefore com- 
pelled to work with complicated decoctions like apple and potato extracts. 
It seems probable that the same kind of differences could be produced by 
suitable modifications of a single synthetic medium. It would be inter- 
esting, for example, to compare the enzyme secreted by B, dnerea on a 
medium of high rnagnesium sulphate or acid content with that formed 
in a medium low in these ingredients. 

Not merely do the properties of the enzyme depend upon the type of 
'medium used, but’ there is also .evidence that the latter may determine 
.^faether any enzyme is formed at all. It was noted (p.^ 194) that cultures 
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of Pytkmm and Phytophthora when grown in various decoctions produced 
no enzyme either within the hyphae or in the nutrient liquid^ whereas the 
same fungi when grown on plant tissue secreted the enzyme freely. A 
somewhat similar result was found for M, fructigena. Similar conclusions 
were reached by Robin (Thesis for Diploma of Imperial College^ 1931) 
who found that the enzymes of certain plant pathogenic bacteria were 
readily obtained from cultures on plant tissue but not so readily from de- 
coctions, even of the same plant tissue. One is thus led to suspect that 
the presence of the substrate pectin exerts a favourable influence on the 
secretion by parasitic organisms of the enzyme pectinase. Harter and 
Weimer’s ( 5 ) statement that 7 ^. tritici forms no pectinase when grown in 
Czapek’s solution but does so when soluble pectin is substituted for glucose 
in that solution would fall in line with this hypothesis. 

This work was carried out at the suggestion and under the direction 
of Prof. W. Brown, to whom I wish to express here my thanks. 

VL Summary. 

1. The pectinase enzyme has been extracted from the following fungi : 
B. cinerea^ M, fruciigena^ G, frtictigenuniy F. fructigemim^ P, de Baryanum^ 
and P. erythroseptica^ under a variety of nutrient conditions. 

2. The enzymic preparations have been tested from the point of 
view of (a) effect of pH concentration on activity, {b) specific retarding 
action of various plant extracts and chemicals. 

3. From these tests it appears that the nutrient medium influences to 
a considerable extent the precise behaviour of the enzyme of any particular 
fungus. 

4. The results obtained are best interpreted on the assumption that 
the enzyme is the same in all cases, but that certain of its properties are 
profoundly modified by the adsorption of substances from the nutrient 
medium. 

5. The capacity of fungi to secrete pectinase also depends on the 
medium. In particular it is suggested that the presence of pectin in the 
substrate favourably affects the secretion of pectinase enzyme. 
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Introduction. 

"^TEUROSPORA TETRASPERMA is one of the species of a new 
L V genus established by Dodge (10) in 1927. In that paper he described 
his collection of fungi of the Monilia siiophila group, ‘the Red Bread 
Moulds ^ Some of these possessed a perithedal stage, and were placed by 
him in a new genus Neurospora containing four species. 

In N. sitophila and N. crassa the ascus contains eight initially uni- 
nucleate spores, the mycelia produced from these are of two kinds, both 
species being constantly heterothallic. In N. tetrasperma and iV”. eryihraea^ 
the asci usually contain only four spores. In the case of iV. tetrasperma^ 
which was the more fully Investigated, these spores are initially binucleate. 
The mycelia produced from these spores are homothallic. Occasionally 
more than four spores are to be found in an ascus, smaller and initially 
uninucleate spores being present in addition to initially binucleate spores. 
The mycelia produced from the small spores are heterothallic. 

In a second paper in the same year Dodge (11) suggested that in spite 
of the apparently homothallic condition of iV. tetrasperma there must occur 
a segregation of factors capable of determining heterothallism in one of the 
three nuclear divisions in the ascus. He put forward three alternative 
schemes of nuclear behaviour in the ascus to account for this. 

Dodge’s schemes of nuclear behaviour in the ascus were, to some 
extent, speculative, and the present investigation of the cytology and 
morphology of iV. tetrasperma was undertaken in order to ascertain which 
scheme is supported by fact. There were also other possible points of 
interest, for instance, the number of nuclear fusions and subsequent reduc- 
tion divisions to be found in the life-history of a Pyrenomycetous fungus. 
It seemed that independent work on a member of a group of fungi; which 
Aimals of Botaiiy, VoL XLVIXI. No. CLXXXIX. Jaatiary,i934.] 
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had not been studied cy tologicaily, would be of use in clarifying’ the position 
with regard to the nuclear behaviour among the Ascomycetes. 

I am indebted to Dr. Dodge for his gift of cultures which made the 
present investigation possible. 

Material and Methods. 

The cultures sent to me by Dr. Dodge in 1930 have been maintained 
since that date on a maize agar. A decoction is prepared by boiling 
25 grm, f maize, grinding the softened grains, reboiling and straining off 
the solid matter. The liquid is then made up to a litre, 3 per cent, agar is 
added and the whole is sterilized. The original cultures obtained from 
Dodge were two of the single strains from small spores labelled by him 
* Race Sg Haplont A ’ and ' Race Haplont B'; and a culture of the two 
strains growing in contact and bearing peritliecia. The two single strains 
are referred to throughout this paper as A and B respectively. When A 
and B are growing together they give cultures which are, to all intents and 
purposes, like the original homothallic strain, and normal (i.e. initially 
binucleate) spores from them when grown singly give homothallic cultures. 
The cultures throughout the work were not grown in incubators and were 
therefore subjected to the ordinary fluctuations of room temperature. It 
was found that the time required for the development of perithecia varied 
with the temperature and might be anything from eight to twenty days. 

Fixations were made at all ages in several fixatives. . Great difficulty 
was encountered at first in obtaining well-fixed material of the older 
perithecia. The perithecial wall is thick and only slightly permeable, the 
central cavity of the perithecium contains air and penetration is therefore 
slow. The cytoplasm of the asci and the nuclei were often much contracted 
in consequence. This difficulty was largely overcome by cooling the 
fixative before use in iced water (2°-6*^C.) or by immersing the block of 
agar bearing the perithecia in iced water for half a minute before fixing. 
Flemming’s strong fluid diluted with an equal volume of water and 
La Cour’s aBD ( 29 ) proved to be the most satisfactory fixatives. 

Material taken up through absolute alcohol and chloroform and 
embedded at once proved to be more satisfactory than material which was 
stored in Calberla’s fluid before embedding. The asci in the stored 
material became slightly swollen thereby causing an exaggerated appear- 
ance of vacuolation in the cytoplasm, while the cytoplasm itself showed 
a tendency to hold haematoxylin more than in freshly fixed specimens. 

Microtome sections were cut from 6-12 /.t thick and dried thoroughly 
on a water bath for five days. The sections were mordanted in 8 per cent, 
iron alum, stained in haematoxylin (Heidenhatn’s) and destained in 
4 per cent, iron alum acidified with acetic acid.^ Some of the preparations 

^ T drop of glacial acetic acid to 30 cc. of 4 per cent, alum. 
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were counterstained with erythrosin in clove oil, others were left without, 
a counterstairi* 

In addition to sections, whole mounts of archicarps and young perithecia 
were made. These were stained with erythrosin in 50 per cent glycerine 
and mounted in glycerine jelly (25). 

The small size of the chromosomes made the use of critical illumina- 
tion of the first importance, and throughout the work an oil immersion 
condenser also was necessary ; this greatly facilitates the use of the higher 
powered compensating oculars. 

Development of the Perithecium. 

Moreau and Moreau (30) in 1930 very briefly described some of the 
early stages of the development of the perithecium. It will be seen that 
the following account, based on the examination of abundant material, 
differs from theirs in several important details. 

Archicarps of identical appearance are initiated in the cultures of A 
and B strains both when they are grown separately and when A and B are 
in contact (PL IV, Figs. 1-3). These archicarps are small coiled multi- 
nucleate hyphae filled with densely granular cytoplasm. They consist of 
more than one ceil, but the cells are very long like those of the vegetative 
hyphae and in the young stages often only one cross wall is present 
(PL IV, Fig. i). The archicarp is said by Moreau and Moreau to consist 
of a basal region and a terminal trichogyne. This, however, seems to be 
a purely artificial distinction, for there does not appear to be any morpho- 
logical difference between the base and the tip of the coil (PL IV, Fig, 4). 

Antheridia have not been seen in any of the numerous cultures 
examined. 

The archicarps appear simultaneously in the three types of cultures 
and soon become enveloped in sheaths of sterile hyphae which grow up 
from their bases. The time necessary to attain this state of development, 
as already mentioned, varies considerably with the temperature. 

The development of the archicarps is arrested after the production of 
the sheaths in the cultures where either A or B strain is growing alone. 
The primordia then remain as small masses of hyphae which may become 
dark in colour and are the bulbils or sclerotia mentioned but not examined 
by Dodge (10). Any of these sclerotia if picked off and planted singly in 
a Petri dish will produce a new growth from the sheath hyphae. The 
mycelium obtained by this method shows the same A or B character as 
the parent culture and will, in its turn, produce archicarps. Thus the 
abortive archicarps act as accessory reproductive bodies. 

The primordium continues its development beyond the sclerotial stage 
if the two strains are gro wing in contact. It may now be called the ypung 
perithecium, and as such, it increases in size and must be studied in section. 
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The central fertile region is easily distinguishable from the sheath by the 
possession of granular cytoplasm and larger nuclei (Text-fig« and PL IV^ 
Fig. 6). The fertile region extends through several sections and more than 



Text-figs. 1-2. i. Section of a young perithecium showing miiltinucleate condition of the 
central fertile region. The outline of the perithecium is drawn, the hyphae of the wall have been 
omitted, x 600. 2. Portion of the basal region of a mature perithecium showing a young ascus 

in conjunction with multinucleate cells, x 490. 

one nucleus can be seen in every cut portion of the hyphae. The multi- 
nucleate condition persists throughout development, even up to the pro- 
duction of the asci (Text-fig. 2, and PI. IV, Figs. 6 and 7). This part of 
the description is not in agreement with the earlier one by Moreau and 
Moreau who state that, as development proceeds, the cells of the fertile 
region become uninucleate. Cross walls are rare and difficult to see, but the 
cells of the archicarp are certainly multinucleate and remain so throughout. 

The sheath hyphae grow rapidly and the fertile region is left at the 
base of the enlarging perithecium. The branching of the hyphae of the 
fertile region at this stage becomes so complicated that it is impossible to 
follow the course of any one hypha even in thick sections. The nuclei are 
small and it has not been possible to obtain a chromosome count here. 
In the fertile region no clear distinction can be made between the multi- 
nucleate cells and binucleate cells of the ‘ascogenous hyphae L Some 
apparently binucleate portions can be distinguished j these are probably 
ascogenous hyphae and not cut portions of multinucleate cells, but it is not 
possible to be sure of binucleate cells. What is certain is that, from this 
mass of fertile hyphae, short ascus hooks are produced, each containing 
two nuclei (Pi, IV, Fig. 8). The only mitotic figures which have been 
seen here are telophases of the division in the ascus hook. From these it 
has not been possible to obtain a chromosome count. The two nuclei in 
the ascus hook divide simultaneously and the four daughter nuclei become 
arranged as in the figure (PL IV, Fig. 9). The two nuclei situated in the 
curve of the ascus hook now fuse (PL IV, Figs. 10 and ii). This is the 
only fusion which has been observed in N. tetrasperma. The curved part 
of the ascus hook elongates and carries up with it the fusion nucleus. This 
nucleus becomes the definitive nucleus of the ascus. 
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Cytology of the Ascus. 

The definitive nucleus consists at first of a clear nuclear area, a large 
nucleolus and two separate polar masses of chromatin (PL V, Fig. 12), 
These two masses gradually lose their identity as the ascus reaches its full 
size, the chromatin becoming distributed uniformly over the nuclear area 
(PL V, Fig. 13), Just before its first division the definitive nucleus shows 
a number of chromatin bodies, some apparently separate, some connected 
with others by fine chromatin threads. These bodies bear, however, no 
"numerical relationship to the chromosomes (PL V, Fig. 13). 

First division^ The chromosomes have been counted first at diakinesis* 
Here they are twelve in number and are arranged in six pairs. Two pairs 
of long chromosomes and four pairs of very short ones can be distinguished 
(PI. V, Fig. 14). At metaphase twelve chromosomes, still in pairs, 
become grouped on the spindle (PL V, Figs. 15 and 16). Five pairs have 
been shown in Fig. 1 5, the sixth pair probably lying immediately under 
one of the others; all six pairs can fee counted in Fig. 16. At early 
anaphase six single chromosomes can be seen passing to each pole. The 
long and short chromosomes are again visible ; the four long ones are on 
the lower side of the spindle, in the figure, and the pairs have only just 
separated, while the short ones are all well separated from their partners 
(PL V, Fig. 17). Reduction division has taken place at this point. 

The spindle is long and narrow and intranuclear with deeply staining 
ends and is nearly always, but not invariably, longitudinally placed in the 
ascus (PL V, Fig. 16). At telophase the spindle is very much elongated 
and stains deeply with haematoxylin (Text-fig. 3). 

Second division. In the second division six chromosomes are visible 
at metaphase in each of the two nuclei in the ascus (PL V, Fig. 18), 
These chromosomes divide and six halves pass to each pole at anaphase 
(PL V, Fig. 19), In Fig. 19 both nuclei in the ascus are in anaphase, 
ten chromosomes can be counted in one nucleus and twelve in the other ; 
the nuclear area has begun to disappear and the spindle to elongate. This 
division is thus an equational one and probably represents the homotype. 

The behaviour of the spindles has been described by Dodge ( 11 ) and 
my observations are in accordance with his. During the second division 
the spindles are longitudinally or obliquely placed in the ascus (Text-fig. 4). 
At telophase they become much attenuated and the daughter nuclei move 
apart. This movement is so great that sister-nuclei are pushed to opposite 
ends of the ascus (Text-fig. 5). Non-sister nuclei are therefore adjacent in 
the ascus during the second interphase. 

Third division. At the third division six chromosomes appear on the 
spindle at metaphase and again two long chromosomes and four short ones 
can be seen (PL V, Fig. % 6 ), These divide and six half chromosomes pass 
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to each pole at anaphase (PI. V, Figs. a, ii 5, and Figs. 2-1 a and 
2 >i I? are two parts of the same ascus cut across between the two pairs 
of nuclei ; in both the lower nuclei the chromosomes can be counted 



Text-figs. 3-6. 3. Telophase of the hrst division in the ascus showing the elongation of the 
spindle, x ijioo. 4. Telophase of the second division in the ascus showing the elongation of the 
spindle, x 1,100. 5. Rearrangement of the daughter nuclei after the second, division showing two 

daughter-nuclei passing to each end of the ascus ; the persistent ends of the spindles give the clue to 
the arrangement, x 1,100. 6. Spore formation after the third division with a pair of non-sister 

nuclei, marked by the spindle ends, in each spore, x 900. 

and six are clearly visible at each end of both spindles. This division is 
therefore also a mitotic one and in N. tetrasperma brachymeiosis docs 
not occur. 

The description of the behaviour of the spindles at this division is 
again in agreement with the earlier description by Dodge (11), The 
spindles are here always obliquely placed, two at each end of the ascus 
(PL V, Figs, %o and 22 ). The ends of the spindles are curved and project 
beyond the nuclear area even at metaphase (PL V, Fig. 22). Again by 
elongation of the spindle the daughter nuclei are separated so as to be 
arranged in four pairs, each pair consisting of two non-sister nuclei. The 
origin of the members of each pair is clearly shown by the position of the 
curved persistent end of the spindle, each daughter nucleus having one 
such end attached to its nuclear area giving it a beaked appearance (Text* 
fig. 6). 

Spore ^formation. When spore formation begins the ascus contains 
eight nuclei corresponding to those which in most Ascomycetes form the 
nuclei of the eight spores. In N. tetrasperma^ however, these eight nuclei 
are arranged in four pairs and a mass of cytoplasm rounds up about each 
of the pairs of non-sister nuclei. This results in four binucleate spores 
(Text-fig. 6). Binucleate spores ate therefore the normal ones for 
N. tetrasperma. These increase in size, the nuclei lose their beaked 
appearance, and, as the spores attain their final dimensions, the nuclei 
undergo yet another division. At this division six chromosomes'' can be 
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counted at metaphase (PL V, Fig. 23). The nuclei are situated , at the 
surface of the spore, and because of this the spindles are curved and it is 
not possible to obtain an exact count at anaphase. Some late anaphases, 
however, have been found in which four and occasionally five chromosomes 
are visible (PL V, Fig. 24). The combined evidence from the counts of 
the preceding division, and from metaphase and anaphase of the divisions 
in the spore, shows conclusively that the haploid number of chromosomes 
for N. tetrasperma is six. The mature spore in the four-spored asci is 
four-nucleate at maturity (PL V, Fig. 25) and becomes thick walled and 
black when ripe. 

Sometimes, however, as has been previously stated, spore formation is 
irregular. When the cleavage of the protoplasm begins in the ascus, 
instead of a pair of nuclei being incorporated in each mass, either more 
than a pair, or only one of a pair, may be included in each spore. In all 
cases, as the spore matures, division of the nuclei occurs. It is the small 
spores initially uninucleate, though binucleate at maturity, which give rise 
to the heterothallic strains. Such a condition which results in more than 
four spores in the mature ascus, though exceptional, occurs in a considerable 
number of asci. 


Germination and Mycelial Fusions. 

The spores germinate only after being heated for about twenty minutes 
at a temperature between 70° and 90° C. (10). The mycelium which is 
produced consists of very long multinucleate cells. The transverse walls 
form characteristic collars round the cells in old hyphae (PL IV, Fig. 4). 

Mycelial fusions between adjacent hyphae are found in great abun- 
dance in all the cultures, whether of single strains or of A and B growing 
together (PL IV, Fig. 4). Where inoculations of A and B are made at 
opposite sides of a Petri dish, each strain grows completely across the 
medium so that the two strains become intimately mixed. As a result of 
this the perithecia do not form in a line at the meeting of the two mycelia 
but are scattered over the whole surface. There seems to be, however, 
a greater concentration of perithecia on the B side of the cultures. Mycelial 
fusions evidently allow of a unity of action throughout the whole mycelium 
of any culture and are undoubtedly of great importance in the production 
of perithecia containing both A and B spores. 


Discussion. 

The points of interest which arise from the study of this fungus are 
three in number. Firstly, the fact that only one reduction division and 
therefore only one nuclear fusion occurs in Neurospora has to be considered 
in connexion with other fungi where the details of the nuclear are 
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known* Secondly 5 there is the influence of the nuclear difference in the 
two strains on perithecial formation and, thirdly, there is the bearing of the 
single reduction division and single fusion on the segregation of factors 
for heterothalHsm. These three points will form the basis of the following 
discussion. 

(i) The nuclear cycle in the Asconiycetes, The cytological data for 
N> tetrasperma may be profitably recapitulated. The haploid number of 
chromosomes in N. tetrasperma is six. This is clear from the counts obtained 
from the divisions in the spore. The number of chromosomes at metapliase 
in the first division in the ascus is twelve, and at anaphase six pass to 
each pole, while at the second and third divisions there are six chromo- 
somes at metaphase and six pass to each pole at anaphase. Thus there 
can be no doubt that there is only one reduction division in N. tetra- 
sperma, 

A review of the Ascomycetes which have been cytologically investi- 
gated, brings out the fact that they show a series of stages in the disappear- 
ance of syngamy. Normal fertilization with a fusion of sexual nuclei in 
the oogonium has been described for certain of the Erysiphales, notably for 
Sphaerotheca Hmmili (25) (3), Erysiphe Polygoni (26), and Phyllacfmia 
Corylea (28), and for some of the Discomycetes such as Ascodesmis 
nigricans (7), Pyronema conjiuens (27) (22), and Ascoholus magnificus (23). 
A fusion of oogonial nuclei in the absence of a functional antheridium 
has been recorded for LacJmea stercorea (17), and Humana granu^ 
lata (20) (21). A fusion of vegetative nuclei has been described for two 
fungi which do not possess morphologically defined sexual organs, i.e. 
H, rtitilans (18) and, less convincingly, for Helvclla crispa (6). In all these 
cases a second fusion in the ascus hook has been recorded, and in some of 
them {P. confiuens, H, granulata, A, magnificus^ and //. ruiilans), the 
nuclear divisions in the ascus have been examined and reduction division 
followed by brachymeiosis has been observed. 

In two cases, which are included in the above group, P, conflmns (22) 
and A, magnificus (23) nuclei, probably those which failed to pair, are seen 
to remain in the oogonium and degenerate when the fusion nuclei have 
passed into the ascogenous hyphae. In P. domesticum (33), on the other 
hand, the unpaired nuclei do not degenerate, but pass with the fusion 
nuclei into the ascogenous hyphae so that the latter contain both haploid 
and diploid nuclei. After the fusion in the ascus hook, the young ascus 
may contain either a diploid or a tetraploid definitive nucleus. Reduction 
division takes place at the first division in all the asci, but brachymeiosis 
follows only where a tetraploid nucleus is concerned. 

In S, Hnmnli (34) and B, PolygonHyi) among the Erysiphales, apoga- 
mous varieties have been described, where fertilization does not take place 
and the male nucleus degenerates in the antheridium* Among the 
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Discomycetes apogamy — that is complete absence of the first fusion — has 
been described for P. conjluens var. irig^ieuni (5), A. citrmus ( 32)5 A. im- 
mersus (31) ^ and Pustidaria bolarioides (1). In ail these six cases a fusion 
in the ascus hook has been seen. The cytology of the ascus has not been 
investigated in A. ciirimis, but^. hmncrstis^ and P. conjluens var» igmum 
are said to show the same number of chromosomes throughout the nuclear 
divisions in the ascus ; in P. bolarioides only, has any clear account of 
reduction division been given. Presumably all these apogamous forms 
would on careful investigation show but a single reduction division. 

The work on N. tetrasperma presents a clear instance of a single 
reduction division. This fact, coupled with the knowledge that N. tetra« 
sperma possesses no antheridium and shows no evidence whatever of a first 
fusion, carries the suggestion of the occurrence of a simplified life-history 
into the realms of certainty. Such a fungus as Neurospora^ which has only 
the fusion in the ascus hook, shows clearly the last stage in the loss of 
syngamy. In considering the correlation between the single fusion and 
single reduction division, it is not surprising to find that if one of the 
reduction divisions is rendered unnecessary it should be the first to take 
place which is retained, and the second shortened one which is lost. 

The investigation of Neurospora also adds a member of the group of 
the Pyrenomycetes to the number of fungi of which the cytology of the 
ascus divisions is known. Very little critical work has been done on this 
group, and it is interesting to find the most simplified nuclear cycle 
appearing here. Cytological work on other Pyrenomycetes is desirable in 
order to ascertain whether any of them still retain both fusions and both 
reduction divisions in their life-history. From this review of the position 
it will be seen that the cases of Ascomycetous fungi, where only one fusion 
and one reduction division occur, can be regarded as modifications of the 
general plan and not fundamentally different from it. 

(ii) The relationship of perithecial formation to nuclear condition. In 
considering the relationship of the two strains A and B in heterothallic 
fungi, the position in Neurospora is instructive. The two strains both bear 
identical archicarps, and therefore they are like those of H. gramdata (22), 
morphologically indistinguishable and so truly heterothallic in Blakeslee’s 
original meaning of the term (4). As already mentioned, the strains A and 
B are obtained from spores which are initially uninucleate and when the 
two strains are grown separately no perithecia are formed. Presumably, 
a mixing of cell contents of the two strains is necessary for the development 
of asci from the archicarp. This mixing is initiated by means of mycelial 
fusions. The nuclei from both the strains must be present in the archicarp 
if development is to continue. They must pass at random into the asco- 
genoiis hyphae and, where two nuclei from the different strains are 
adjacent, initiate ascus hooks. Fusion occurs here, giving rise to dip^^^ 
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nuclei canying both the A and the B characters, and segregation follows 
immediately at reduction division. In 1928 Dodge ( 12 ) succeeded in 
obtaining fertile hybrids between N. sitopkila and N. tetrasperma by 
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Diagram i. Segregation in the first division in the ascus ; A— F show the stages in the forma- 

tion of four homothaiiic spores. 

growing one heterothallic strain of the former in contact with the reciprocal 
heterothallic strain of the latter. From these hybrids, by back crosses, he 
re-obtained the parental types. This experiment showed conclusively, that 
at some point in the life-history of these fungi, a fusion of unlike nuclei 
must take place. The suggestion that both types of nuclei are present in 
the ascogenous hyphae and that they fuse in the ascus hook provides 
a logical explanation of Dodge’s results. 

The. homothaliic cultures are obtained from the normal (initially 
binucleate) spores. These spores on germination produce mycelia which 
are already provided with both kinds of nuclei. Functional archicarps are 
produced and the formation of a diploid nucleus carrying both characters 
is again the result of fusions in the ascus hooks. Segregation of the two 
charadters will again follow at reduction division. 

Thtis it may be seen that N, tetrasperma is only homothaliic because 
of the inclusion of two nuclei of different character in each young normal 
spore. It is only when these two nuclei are separated that their difference 
from one another — due to segregation of characters at reduction division — • 
is manifest. In other words, the homothaliic nature of N, ietraspeffna is 
a secondary condition and different from the primary homothallism of 
eight-spored fungi such as P. confitiens. It is probable that the four-spored 
homothaliic condition of iV. tetrasperma is a development from an earlier 
state Y/here the formation of eight heterothallic spores was the normal 
condition, a state of affairs still shown by Neurospernia sitopkila and 
N. crassa (10). 

(iii) Segregation m ike ascus. With regard to the question of the 
segregation of characters for heterothallism it is obvious that segregation 
must, in the absence of crossing-over, take place at the first division in the 
ascus, since this is the reduction division (Diagram i). The nuclei, after 
each division, are rearranged (p. ijip), and this arrangement is such that each 
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young binucleate spore possesses two unlike (i.e. an A and a B) nucleij 
each young uninucleate small spore either an A or a B nucleus only* 

In the event of crossing-over taking place during reduction division^ 



Diagram 2. Segregation in the second division in the event of crossing over; A, B, and C~F 
show the formation of four bomothallic spores if segregation is as in c; A, B, and c'-f' show the 
formation of four heterothallic spores if segregation is as in c'. 

segregation would be delayed until the second division, and in these cases 
a certain proportion of normal spores in four-spored asci would contain 
when young either two A or two B nuclei. These spores would, on ger- 
mination, give rise to heterothallic not homothallic strains (Diagram 2). 
Up to the present no case of crossing-over has been recorded by Dodge in 
his genetical work. Calculation makes it clear that it would be encountered 
only infrequently, and single-spore cultures of initially binucleate spores 
from four-spored asci have not been made in sufficient numbers for the 
phenomenon, if it occurs, to have manifested itself. 

Summary. 

1. N. tetrasperma (Dodge) is a normally homothallic fungus from 
which heterothallic strains have been obtained. 

2. The heterothallic strains both bear archicarps of exactly similar 
appearance to those which form in homothallic cultures. Antheridia are 
not present in any of the cultures. 

3. The cells of the mycelium and archicarp are multinucleate throughout 
development 

4. The development of the archicarps is arrested in single strain 

cultures after a sheath has been formed. These abortive archicarps form 
sclerotia and act as accessory reproductive Bodies. '' 
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5* No nuclear fusion has been found in the early stages of development 
of the perithecium. The fusion in the young ascus seems to be the first 
and only one. 

6* The definitive nucleus of the ascus is diploid with twelve chromo- 
somes ; reduction division takes place at the first division in the ascus. 

7. The subsequent divisions are all equationai ones and the haploid 
number of chromosomes is six. 

8. Two non-sister nuclei become included in each young normal spore. 
Occasionally these two nuclei are separated and each is included in a small 
spore. The latter, though only occasionally found in N. tetrasperma, 
correspond to the spores of N. sitophila^ eight of which are developed in 
each ascus. 

9. A mitotic division takes place in the nuclei of all the spores, so 
that the normal spore is four nucleate and the small spore biniicleate at 
maturity. 

10. Numerous mycelial fusions occur in all the cultures, 

11. The nuclear cycle of iV. tetrasperma by comparison with that of 
the other Ascomycetes is shown to be the last stage in the disappearance 
of syngamy. 

I The relationship of the nuclei of the spores to the production of the 
perithecia is discussed, and the four-spored condition of N. tetrasperma is 
concluded to be derived from an earlier eight-spored form. 

Segregation is shown to occur in the first division in the ascus. 
The possibility of crossing over with its effect on the position of segregation 
and the nuclear content of the spores is considered. 

In conclusion, I wish to express my thanks again to Dr. Dodge for his 
gift of the cultures ; to Professor Dame Helen Gwynne-Vaughan and to 
Professor Lang for help and criticism during the course of the work. 

Barker Cryptogamic Research Laboratory, 

University of Manchester. 

Dece?nber 1 93 2. 
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T. Introduction. 

I N 1916 and 1917 appeared an account by Yapp, Johns, and Jones (6 and 
7 ) of the salt marshes of the Dovey Estuary, special attention being 
given to phytogeological problems, i.e. ‘ the effect of salt marsh plants in 
modifying and controlling geological processes Five vegetation zones were 
distinguished, each occupying a comparatively small vertical range. As the 
marsh is built up, the vegetation normally passes through the following 
well-defined associations : (i) Salicornietum enropaeae^ {%) Glycerietum 

^ The present communication is a further account of researches into the processes of the 
building and subsequent history of a salt marsh, conducted until his death by Professor R. PL Yapp. 
Parts 1 , 11 , and III of this series appeared in the Journal of Ecology, yols. iv, v, and x respectively 
(1916, J917, and 1922). ' , ' 

[AmalsofBotany, Yol.XLVHL No. CLXXXIX. January, ,1934*3 ^ ^ ''ILc 
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maritimae, {^) Armerietmn maritimae, (4) FesiuceUmz ruhrae^ and (5) Jtm- 
cetum maritimi. The authors successfully elucidated the process of the 
primary building of the marsh together with secondary changes in surface 
relief, including marginal erosion, formation of secondary marsh, and 
modifications of channels and pans. These processes were studied by 
a comparison of the different stages found on the marsh, and therefore 
^ afforded little indication of the rate at which the various progressive and 
retrogressive changes proceed 

This account was followed by a further short paper in ( 5 ), dealing 
with the rate of change of pan systems as observed over a period of seven 
year’s. 

In the summer of that year Professor Yapp conducted a volunteer 
party ^ to the salt marsh, in order to carry out the preliminary work for 
a more detailed study of the rates of the various processes which normally 
take place. Certain areas which were then surveyed were re-surveyed in 
1925, and data concerning the rate of vertical accretion were collected 
ill 1926* On the lamented death of Professor Yapp the investigation 
passed to the hands of the author, who visited the marshes again in April 
193O5 and collected the final data on which this paper is based. The 
design of the experiments is thus exclusively Professor Yapp’s, but for the 
working out of the results and methods of presentation the author is alone 
responsible. 

The main part of the work deals with the rate of vertical accretion of 
the sward associations of the marsh, but data are also presented concerning 
the rate of colonization of bare silt by Glyceria^ growth of the young marsh, 
rate of erosion of the river front, and of the formation of secondary marsh. 

2. Rate of Vertical Accretion. 

(a) GeneraL 

The rate of upward growth of the marsh was studied by spreading on 
the soil surface a paste, made by mixing certain coloured materials with 
sea water, and after the lapse of a few years determining the depth of 
accumulated silt above the substances. The actual materials used were 
puce-coloured and light red Alum Bay sands, brick dust and coal dust. 
These were laid down during the first week of July 1922 in four areas of 
the saltings ; strips about 8 in. across running approximately north and 
south were laid over the whole width of the marsh, from the limit of vege- 
tation at the river side to the jtmeetum at the landward (southern) 

I This consisted of Dr. J. S, Bayliss Elliott, Miss U. C. Slane, Miss E. Tacon, Miss F. G, 
"Wood, Messrs. A. J. Barnard, W. J. Millard, W. A, S. Pening, and F. J. Richards. Assistance at 
later stages in the work was given by Miss E. Mason, Messrs. W. Leach and E. W. Rogers, and 
^ .Dr, J. H. Salter. 
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extremity, a distance of approximately 100 yards. Two of these strips 
were laid at the Ynyslas end, towards the seaward limit of the marshes in 
the estuary (near A on the map in (7), Fig. i), and two more at the 
Glandovey end, some three miles to the eastward, and near the head of 
the estuary (at C on the map). These strips will be referred to in the 
sequel as Lines I-IV, Line I being the most westerly, at the Ynyslas end, 
and Line IV the easternmost, at the Glandovey end. 

In addition a fifth line running east and west was laid down in May, 
1925, on the new and rapidly growing marsh to the east, and near the 
river end of the great breakwater (B on the map) in the Glandovey area. 
Each line was laid uniformly over the sward, channels, and bare pans as 
these occurred along its course. It was impossible to avoid contaminating 
the leaves of the vegetation with the pastes, but the first tide or so was 
sufficient to wash them clean, and the plants were entirely uninjured. The 
materials were gradually buried by the deposits accumulating on the marsh 
surface. Where the vegetation was closed the lines persisted, but in very 
open Glycerietiim the materials were frequently completely dissipated 
before burial, while on bare silt it was rarely that any trace of them could 
be detected later. When the lines were subsequently dug up it was found 
that both the red and the black colours usually stood out conspicuously 
against the grey of the accumulated silt ; on the whole the black was 
probably more striking, except in certain localities (usually low-lying or 
waterlogged as at the edges of pans) where the silt itseli was partially dis- 
coloured and blackish. The coloured layer showed a small but measurable 
thickness in the deposits, and the amount of accretion has been measured 
from the soil surface to the top of the line, which in nearly all cases 
presented a sharp edge. 

During the first half of September 1926, the lines were dug up at 
a number of representative points spaced at intervals along them of roughly 
5-10 ft, according to local topography. In every case the distance of the 
point from the estuary limit of the marsh was recorded, together with the 
nature of the vegetation, the amount which the soil surface had risen since 
the line was laid down, and so far as possible any peculiarities of local 
conditions. In addition, levels were taken along Lines III and V at the 
observed points, so that their heights above the general silt level were known. 

At this stage the investigation passed into the hands of the author. 
An examination of the data collected showed that the i“ate of accretion 
was so dependent on the height of the point that it was impossible to 
trace clearly its connexion with other factors while this was unknown. 
For this reason Lines I, II, and IV were again dug up in the first half 
of April 1930, and levels taken at the observed points. In the sequel 
the data collected in 1926 are used for Lines III and V, while those of 
1930 are used in the case of Lines I, II, and IV. Since 
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information concerning a peculiar set of conditions brought about by the 
presence of a breakwater, to which indeed this part of the marsh owes its 
existence, the results from it will be considered only after the data relating 
to the general history of marsh developed under normal conditions have 
been discussed* 

The data given by an experiment of this kind are exceedingly difficult 
to interpret by inspection, owing to the fact that the observed accretion 
rate is dependent on several factors, which are themselves varying more or 
less independently of one another. The number of concrete conclusions 
which may be drawn from them in this manner is clearly limited, and such 
as can be drawn are subject in large measure to personal bias. For this 
reason statistical methods have been freely used ; by means of them 
personal bias is eliminated, all the relevant evidence is taken into account, 
the most probable relationships between the several factors are clearly 
revealed, and the probability of these relationships being real or spurious is 
given in the form of odds. Modern statistical methods present the most 
reliable and efficient analysis of such a mass of data, and their adoption 
wherever possible cannot be too strongly urged. 

(b) Statistical Methods. 

The methods used in the statistical study of the results are those of 
correlation and regression, which are dealt with in detail by Fisher (3), and 
by Ezekiel (2). Suffice it to say here that from an examination of two 
variable quantities, it is possible to deteimiine a numerical value, the ^ corre- 
lation coefficient ^ from whose magnitude the probability of a real inter- 
dependence existing between the quantities may be determined. The 
correlation coefficient, denoted by where x andf are the variables or 
‘ variates h may assume any value between -f i and ~ i, these two extremes 
being found if the correlation is perfect ; values nearer zero indicate that 
the correlation is not so marked. Positive values show that departures 
from the mean value of one factor are in general accompanied by departures 
in the same direction from the mean value of the other factor, and negative 
values that such deviations are mainly in opposite directions. 

It is often found that a high and statistically significant correlation 
coefficient may be obtained from two variates, when in reality one is not 
directly dependent on the other, but both vaiy with some third quantity. 
When this is the case it is possible to disentangle the complex relationships, 
and to eliminate from the total correlation between x andy, that part which 
is due to the third variate, s. The result is expressed as a " partial corre- 
lation coefficient*, denoted in this case by This coefficient also may 

have values ranging between -f i and — i. 

When it is desired to assess the extent to which a varying quantity x 
;'is determined by two or more other variates, y, &c, considered together, 
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a third measure of correlation, the *' multiple correlation coefficient ^ may- 
be used. This is denoted by R^.qjz^- 3-nd may assume values between + 1 
and o, the former being obtained if variations in .r, the ‘ dependent ' variate^ 
are completely accounted for by the corresponding variations in y, &c., 
the ' independent * variates ; and the latter if the values assumed by x are 
completely independent of the corresponding values of y, &c. These 
three correlation coefficients, when the size of the sample from which they 
are calculated is taken into account, may be expressed in terms of the 
probability of the relationship under examination being a real one, and 
not due to chance causes. If the probability exceeds 20 : i (the * 5 per cent, 
point ’) the relationship is usually accepted as being ' significant ’ ; a much 
more stringent test is the i per cent, point, this being the value which the 
coefficient must attain if it is to have a probability of significance of 100 : i. 

A relationship such as is studied by means of the multiple correlation 
coefficient may be expressed in the form of a ‘ regression equation which 
gives as good a measure as possible of the manner in which change of the 
dependent variate is determined by changes of the various independent 
variates, e.g. 

where b, and c are constants. Such an equation has the probability of 
significance which is given by the multiple correlation coefficient 
Where the relationship between x and any of the independent variates 
cannot be represented adequately by a straight line, terms involving some 
function (as the square or reciprocal) of the given variates may be intro- 
duced into the right-hand side of the equation. In the present work 
logarithms of the variates have been introduced, the equation taking 
the form : 

X = a.y'k-b. logy + ^ .zyd. log-s' + <?, 
where d and e are additional constants. 


(c) Results. 

Seeing that the method of treatment of the data automatically extracts 
from them all the relevant information, there is no need to present them 
in exienso^ and the analysis may be proceeded with immediately. The 
lines will be dealt with individually, seeing that conditions are not uniform 
over the whole of the marsh. The variates analysed are (i) amount of 
vertical accretion in a given time (referred to in formulae as ^ a ^), (2) height 
of the marsh surface above the level of the bare silt at the river extremity 
of the line (' h f and (3) distance along the line from the erosion scarp 
which is found almost at the extreme river end of the line (* df Below 
this scarp a small amount of secondary marsh occurs, but since conditions 
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there differ from those on the primary marsh, the few observations beyond 
the scarp have been neglected for the purpose of the following correlations. 


Line I. 

Total length approximately 400 ft. ; 1930 data. The following table 


gives the mean values for accretion and land height, at the observed points : 


Association. 

Accretion (cm. in 

Land height 

Number of 

ICO lunar months). 

(feet). 

observations. 

Glycerietum 

6*6i 

1-65 

8 

T ran s. Glyc, -> A rm. 

5-53 

1*53 

7 

AnnerieUwt 

3*53 

2*13 

30 

T rans. A rm, FesL 

2-00 

2*85 

I 

Festiiceitmi 

1*75 

3*24 

4 

Jtmceitim 

2*03 

2*69 

3 

Total 



S 3 


It is seen that in this area, as we pass through the successive vegeta- 
tion zones, the height of the marsh rises fairly uniformly, while the rate of 
accretion drops rapidly. The following ai'e the total and partial correlation 
coefficients obtained between the three variables concerned : 


-o-Siis 
raiL = -0-5134 
rm = +0-3635 


^ah,d 
^adJi ~ 


-0782 ( 
--0*40I ) 


I % = o* 354 - 


There are close negative total correlations between accretion and land 
height on the one hand and accretion and scarp distance on the other, and 
when these are expressed as partial correlation coefficients they are still 
found to be clearly significant. The multiple correlation coefficient, showing 
the degree of dependence of accretion rate on the other two variates, is 
= 0*845 cont. = 0*41). Thus by treating this line as a whole 

and assuming a linear relationship between accretion rate and each of the 
independent variates, over 71 per cent. (i.e. 0*845^) of the total variance in 
the observed accretion rates is accounted for, leaving less than 39 per cent, 
still to be explained. The corresponding regression equation is : 

Accretion^ = ““^•3673 (Land Height) — 0*004375 (Scarp Distance) 

+ 97559 - 

By subdividing these observations into vegetation groups rather more 
information may be gained. The results may be summarized as follows ; 


-0-8039 
^ad ^ " 0-6391 
“f 04074 


GlyceHetunu 
^dh,d ~ 


-0774 

-0-574 



0*755. 


^aM = 0*873 (5 % = 0*836; I % = 0 * 917 ). 


1 In tHs, as in all subsequent equations, it should be noted that land height and scarp distance 
are expressed in feet while amount of accretion is measured in centimetres. The time period corre- 
sponding to this accretion is 100 lunar months. 



Richards, — The Salt Marshes of the Dovey Estuary. IV. 231 


Transitional : Glycerieium to Armerietum, 

= - 0*2749 =+ 0-500 ) 

rad == -”0-5656 = -0-670 \ 0 /« 

= +0-8591 

= 0*700 (5% = o-8Si), 


0-811. 


Armeriettim, 

rah = "0-7465 =: -0-732 ) 5 % = 0-368 ; 

rad = " 0*4560 r^ajt == "O-413 5 I % = 0-472. 

+0-2548 

^aJtd = 0-795 (I % = 0-53). 

" Accretion = -2*2575 (Land height) -0-0030805 (Scarp distance) + 8-9593. 

No other vegetation zone has a sufficient number of observed points to 
warrant further investigation. Concerning the above correlations it may 
be pointed out that the partial coefficient between accretion and scarp 
distance in the Glycerieitmi^ although greater than in the line treated as 
a whole, is not significant, owing to the small number of observed points. 
In the transitional zone it is interesting to note that the correlation between 
accretion and height, though not significant, is yet marked and ; 
this will be referred to later. Finally, the very close similarity between 
the regression equation derived from the thirty Armerietum points, and 
that derived from the total fifty-three points on the line, should be noted. 
These results will be discussed when the general results obtained from the 
other lines have been presented. 

Line IL 

Total length approximately !^8o ft. ; 1930 data. 


Association. 

Accretion (cm. in 

100 lunar months). 

Land height 
(feet). 

Number of 
observations. 

Glycerietum 

3*50 

1*25 

I 

Trans. Glyc.'-^Arm. 

6-29 

x*55 

13 

Armerietum 

3*70 

1-42 

14 

Trans. Arm.-^Fest. 

3-32 

1-87 

6 

Fesiucetum 

3*31 

2-23 

9 

J imcetum 

1-20 

2-96 

I 

Total 



44 


The accretion rates call for some comment, seeing that the general run 
is different from that on Line I, there being an exaggerated maximum 
value in the transitional vegetation between the Glycerietum and Armerie- 
tum. In this figure are included three very high values (mean == 
these being observations within a few feet of the scarp, where the accretion 
rate, as will appear later, is much greater than elsewhere on the marsh. 
But even if these three points are omitted the mean of the remaining ten 
is still high, namely 4-5^ cm. 
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The correlation coefficients for the total line, and for the various 
vegetation sub-divisions are as follows : 


Total Line. 


^ad 


— 0-3122 

— 0-3878 
““ 0*3857 

^aJid ~ 




- 0*543 

-0*580 



0*39. 


0*633 (1 %-= 0*454)- 


Transitional : Glycerietimi to Arinerietum. 

= -0-0505 r„,,d = + 0-3991 5 % = 0 - 576 ; 

f-ad = -0-970S rM = - 0 - 97 S ) I % = 0-708. 

rdh =^ +0-1500 

-^n.M = 0-975 (l % = 0-776). 

Accretion == + 1*7691 (Land height)— 0-032616 (Scarp distance) + 9*2230. 

Annerietuin . 

fah = -0-5758 = -0-691 ) 5 % = 0-553 ; 

+ 0 - 02 I 8 = -0-467! I % =0-684. 

rm = -0-57S2 

K.hd = 0-691 (5 % = 0-648; I % = 0-753). 

Accretion — —1-8291 (Land height) — 0*010375 (Scarp distance) + 7.8003. 


Transitional ; Annerieitwi to Fesiticetum, with Festucetum. 



— 0*8246 
+ o-8i6i 

- 0*9494 




-0*274 

+ 0*187 



0 * 532 . 


= 0-831 (I % = 0-732). 


The transitional vegetation and the pure Fesiucetum have here been 
treated together, since an examination of the graphs of accretion rate and 
land contour shows that no difference in behaviour exists between them. 


Line III. 


Total length approximately 350 feet ; 1926 data. 


Association. 

Accretion (cm. in 

Land height 

Number of 

54 lunar months). 

(feet). 

observations. 

Glycerieium 

3*67 

1*^5 

6 

Trans. Glyc,"^ Amt. 

6*93 

1*64 

2 

.Armerutum 

4*09 

1*67 

15 

Fesiucetum 

3*38 

2*31 

6 

Trans. Fest"-^Junc* 

4*60 

2*33 

I 

Juncetum 

2*25 - 

3*00 

I 

Total 

From these .figures 

it appears that in 

this area 

31 

also accretion 


passes through a maximum as the land rises. The correlation coefficients 
obtained along this line are as follows: 

Total Line. 

“O-0681 
= -o-i8gi 

- 0-3724 


rah. i =-0-152 

rai. h= -0-393! 


5 % = 0-362. 
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Glycerietum. 


r„h = +07255 

rnd = -0-6872 
rdh = -0-5540 


raUd= +0-570) 
r ,( f 7 Ji = -0-4981 


% = 0-878. 


Ar 7 ?ierietu 7 H, 

r„!, = -0-2260 ruu = -0-634 ) 5 % = 0-532 ; 

rmi = -0-7391 = -0-845 1 I % = 0-661. 

Gill = -0-2531 

= 0-854 (I % = 0-732). 

Accretion^ = -~I-22I3 (Land height) — 0-010,317 (Scarp distance) + 7-1389. 


Festiicetiwi^ 


+0-6S55 
^<.<2= -0-7376 
= -0-9347 


^“ah.d = 


— 0-016) 
- 0-374 5 5 


% = 0-878. 


-^«.M = 0-738 (5 % = 0-930). 


Line IV. 

Total length approximately 230 feet ; 1930 data. The correlations are everywhere low. 

Accretion (cm. in Land height 
100 lunar months). (feet). 

6-54 


Association. 


Number of 
observations. 


Trans. Glyc, A r 7 n. 

Ar 77 terieitim, 

T ran s. A rm . -> Fest. 
Juncetum 

Total 


^ah = - 0-05 58 

Tad . = +0-2068 

nu == +0-0793 


6-12 

5*10 

5-10 


Total Line. 


1- Si 
1-82 

2- 03 
2-09 


10 

28 

3 

I 

42 


—0-074) 

^cidJi == +0-212) 


5 % == 0*304. 


Transitional : Glycerietuitt to Ar 77 ierietu 77 i, 


rah = -"0*1743 

ra(l=^ +0-0926 
rdh ^ -"0-8716 


= +0-1488 

rad = +0-4972 
rdh=^ ->0-1365 


raiKd - -0-192) 
-0*1235 ^ 


Afynerlehmi. 


rah.d-= +0*252) 5%-o-38x; 
rud.h^ +0-528 5 I % = 0-487. 


(d) Discussion. 

The results which have been presented above will now be reviewed. 
In the first place it may be mentioned that while in some older areas of 
the marsh (Line I) accretion rate is apparently almost completely determined 
by situation on the marsh, and may be expressed in terms of land height 

^ On this line the time period corresponding to the amount of accretion given by the regression 
equation is 54 lunar months. 
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and scarp distance, in others (Lines II and III) no such satisfactory general 
relationship is found, and in order to determine the accretion rate of any 
point with approximate accuracy account must be taken, not only of 
situation, but also of the type of vegetation at that point; in yet other areas 
(Line IV) accretion rate is not even largely determined by situation and 
vegetation, and comparatively low correlations are found everywhere. It 
will be convenient to discuss the results from the different vegetation 
zones separately, in the following order: (i) Armerietuin^ (2) vegetation 
preceding Armerietum^ (3) vegetation succeeding Armerietiim* 

(i) Armerieittm. 

On three lines highly significant negative correlations are found between 
accretion rate and height, as might be expected from the obvious fact that 
the higher the point is situated the fewer will be the tides reaching it and 
the smaller the amount of material available for upward growth. On 
Line IV the small positive correlation is negligible. Except on Line IV 
negative correlations are obtained between accretion rate and scarp distance, 
and on Lines I and III these are highly significant. An examination of 
the data indicates that the high positive correlation obtained on Line IV 
must be due to five abnormally high readings at the extreme landward 
end of the marsh. If we neglect this area, represented by the last 30 feet 
in a line 230 feet long, the positive correlations with both distance and 
height are replaced by negative though not significant values : 

^a)i = -0'iS45 = - 0-332 

= -0-0244 = -0-282 

rdh = -07S93 

The most that can be said of Line IV then is that accretion rate is far 
from being completely determined by a consideration of height and 
position on the marsh alone, but that ‘chance* causes not included in these 
two factors assume large proportions ; so large indeed that at the landward 
end, where, owing to the relatively high land together with the great 
distance from the river scarp, low accretion rates might normally be 
expected, the highest rates in Armerieium have actually been recorded. 
One possible cause for the irregularity here is that the line is situated 
parallel to a breakwater, being distant approximately 40 yards from it; 
this must introduce unusual features into the tidal currents of the area. 

The regression equation for the Armeriet^im in the area of Line I at 
the Ynyslas end of the marsh, though giving generally a very good fit 
between calculated and observed rates of accretion, is chiefly at fault at the 
scarp end of the line. This error can be practically eliminated by introducing 
some function of the variable concerned, so that the regression is not con- 
fined to a straight line but may assume a curved form. It is found that by 
introducing the logarithm of scarp distance the improvement in fit is large 


I 5% = o-482- 
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and very highly significants To determine whether this is the case or not 
Fisher’s ^ z ’ test may be used. The result in the present instance is given 
in the following table : 


Variance due to 

Degrees of 
freedom. 

Sum of 
squares. 

Mean 

square. 

Z. 

Linear regression 

2 

30*4890 



Log. contribution 

I 

11*0888 

11*0888 

1*888 

Remainder 

26 

6*6046 

0-25402 


Total 

29 

48*1824 




(i % = 1*022). 


The multiple correlation coefficient corresponding to this regression 
can be determined from the figures in the ‘ Sum of Squares ’ column : 


R 




30-4890 + 11*0888 


48-1824 


0*929 (i % = 0*591). 


The regression equation is : 

Accretion = 1-30401 (Height) + 0-00827615 (Distance) 

— 3*70930 (Log^Q Distance) + 12*6838, 

and accounts for 86-3 per cent, of the total variance of the observed accretion 
rates. It must not be assumed from this equation, of course, that the 
relationship between accretion rate and scarp distance is necessarily of a 
logarithmic nature ; in fact it is possible that had some other function been 
introduced in place of the logarithm a yet closer agreement might have 
been obtained. Logarithms are used merely in order to provide a curved 
regression from which it is possible to form a general idea of the shape of 
the curve relating accretion to distance. 

In Fig. I are shown (i) the contour ofthe observed points 

along Line I; (2) the observed accretion rates at these points, and (3) the 
accretion values calculated from the above equation, for comparison with 
the actual rates. The general agreement is very striking. 

It is of course possible to introduce some function of land height into 
the equation in order to obtain a curved regression on this variable also. 
If the logarithm is again used the equation becomes : 

Accretion = — 3*4713 (Height) + 10*444 (Log^Q Height) + 0*0077706 

(Distance)-— 3*6555 (Logjo Distance) + 13*9292. 

The improvement in fit obtained by this introduction is very slight, 
and is probably due entirely to chance, as the ‘ z ’ test shows. In fact, 
the regression of accretion on land height derived from this equation, over 
the actual range of observed height, departs very slightly indeed from 
rectilinearity. 

If it is desired to determine the shape of the regression of accretion on^ 
say, scarp distance, this may be done from the preceding equation by 
putting land height at a constant value, and solving the resulting equation 
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for accretion at a number of representative distances. Or a solid model 
may be constructed from the equation, giving the calculated rate at all 
combinations of height and distance. Since such a model cannot be 



Distance from Scarp (feet) 

Fig. I. Diagram stowing, for the Armerielnm of Line I, (i) contour of the observed points, 
(2) amounts of accretion observed at these points (cm. in 100 lunar months), and (3) accretion 
values calculated from the regression equation. 


reproduced satisfactorily on a two-dimensional medium, a diagram is 
presented (Fig, 2) giving contours of the accretion rate surface as they 
would occur on the solid model constructed from the last equation, 
covering the observed ranges of height and distance in the Armerietum, 

It may be of some interest to point out the method used in the con- 
struction of this figure. If in the right hand side of the equation we put : 

3-4713 (Height)— 10*444 (Log^^o Height) = 0*0077706 (Distance) 

-3-<5555 (Logio Distance) ... (a) 

it follows that the accretion value must be 13*9292. In other words, all 
the possible combinations of height and distance which satisfy equation (<2) 
constitute the contour line of 13-9292. By adding the appropriate constant 
to the right-hand side of this equation, and solving for height at a number 
of distances, any desired contour may be thus mapped out. The equation 
{a) is best solved graphically, by plotting the left-hand side i)y ’) against 
land height over the required range ; the height corresponding to any 
given distance can then be read off directly from the graph by determining 
from the right-hand side the value of "y' corresponding to that distance. 

In such a model as is represented by this figure, all sections parallel to 
either axis cut the accretion surface in parallel curved lines which are at 
different levels in the accretion dimension, and these sections are the 
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regressions of accretion on the variables considered. It should be mentioned 
that had the regression equation involving the linear term only of height 
been used a very similar diagram would have been obtained, with the 



Distance from Scarp (feet) 

Fig. 2 . Diagram showing contours of accretion surface, as related to Land Height and Scarp 
Distance over the observed ranges, from the Armerieium of Line 1. (Contour lines represent cm. 
accretion in loo lunar months.) 


difference that the contour lines would have been parallel and equally 
spaced though of the same geaeral form as in the diagram presented. 

The section parallel to the distance axis shows that accretion rate falls 
off very rapidly from the scarp inland, but that there is a minimum rate at 
approximately the middle of the marsh, after which accretion again increases 
slightly with further increase of distance. There can be no possible doubt 
of the reality of the rapid change in accretion rate near the scarp, but the 
positive sign of the correlation at the landward end of the line needs 
examination. For this purpose the partial correlation coefficient of accretion 
on distance, eliminating the effect of height, has been worked out for all 
points at a distance greater than 200 feet. The result shows that the 
correlation in this region is indeed positive, though it is not nearly close 
enough to reach the level of significance, e.g, = 4- 0-250 (5 per cent. 

= 0-514)-' 

In the area of Line II, also at the Ynyslas end of the marsh, the partial 
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correlation coefficients are similar in sign and magnitude to those of Line I, 
though owing to the smaller number of points their significances are lower* 
The linear regressions in these two areas are also generally similar, but no 
marked improvement in the significance of the multiple correlation can be 
effected in the case of Line II by the use of a more complex regression 
function* The explanation of this is undoubtedly that whereas accretion 
rate increases with greater rapidity the nearer the scarp is approached, on 
this particular line no pure Armerietmn points occur in the first 85 feet. 
As pointed out on p. 231, near the scarp, in transitional Glycerietum to 
Armerieitim, rates of accretion twice as high as elsewhere on the line are 
again found. There is then no reason to suppose that the factors affecting 
accretion rate in the Armerietum are very different in these two areas. 

In the case of Line III (Glandovey end) the partial correlations are 
again negative, though that with height is rather lower than in the pre- 
ceding two lines and that with distance decidedly higher. The multiple 
correlation is highly significant, but again no marked improvement is 
obtained by introducing a curved regression on either variable. Fig. 3 
shows the agreement between the calculated and observed values of accre- 
tion, together with the contour of the observed points ; the fit is good 
except for certain points lying between 45 feet and 75 feet from the scarp, 
in which region the marsh is somewhat complex and local contours become 
relatively important. This irregular region is dealt with later (p. 24'^). 
Along Line III, then, the regression of accretion on distance would appear 
to be much more nearly rectilinear than is that in the region of Line I- 

(%) Glycerietum and transitional Glycerietum to Armerietum. 

Omitting the negligible negative correlation between accretion and 
height along Line IV (an area which has been shown to be highly irregular) 
and also the Glycerietum of Line I, there is in all other cases of vegetation 
below the Armerietum an increase of accretion rate with increasing height. 
Although this relation appears to be general it is unfortunately never 
sufficiently high to be significant, owing presumably to the small numbers 
of available points. In the early stages of salt marsh building the density 
of the vegetation appears to be an important factor affecting the rate of 
accumulation of silt. When Glyceria first colonizes the estuary a very 
loose open association is formed, which must be comparatively poor as a 
medium for the collection of silt. A certain amount is, however, accumu- 
lated, and the surface begins to rise slowly; in the meantime, the vegetation 
is rapidly becoming more and more dense, and although fewer tides now 
reach it, more material can be collected from those that do so. In this 
way the rate of accumulation increases for a time with the age and height 
of the marsh, but there conies a time when the rate of increase of vegetation 
density diminishes, and the effect of the ever decreasing number of tides 
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turns the scale in the opposite direction, so that thereafter the correlation 
between accretion rate and height becomes negative. The present results 
indicate that this reversal of the sign of the correlation coefficient occurs 
generally during the transition period between the Glycerietum and the 
Armerietum. In this connection the data for the transitional vegetation 
of Line II are interesting. Here the partial correlation has the com- 
paratively low value of + 0-399, and this is derived from points varying in 
height between 1*19 feet and 1-94 feet ; but if all points at a greater height 
than i-6o feet are omitted, the partial coefficient derived from the remainder 
is as high as +0*690, the 5 per cent, point being 0707. At these lower 
levels then, although there are only six degrees of freedom (9 observations), 
the positive correlation is to all intents and purposes ‘ significant \ The 
evidence points to the conclusion that in this area the reversal of the sign 
occurs approximately at the height of i*6 feet above the level of the limit 
of vegetation. 

The above remarks apply only to vegetation which has taken part in 
the primary building of the marsh, and not therefore to the Glycerietum of 
Line I, which is in a comparatively old area and in which all the primary 
colonizing Glyceria has begun to be invaded hy Armeria. The eight pure 
Glycerietum observations were taken in growing- up pans or channels at 
varying levels, and there is here no connexion between land height and the 
density of the vegetation. The high and significant negative correlation is 
mainly due to one point ; this is situated in a growing-up high level pan in 
the Festucetmn. It is at a considerably greater height than any of the 
other observations, and has much the lowest rate of accretion, owing to 
the sparse vegetation together with the few tides reaching it. If this 
point be omitted, the correlation coefficient, as might be expected, becomes 
quite negligible, i.e. = -0-232. 

The correlations between accretion rate and scarp distance require 
little comment ; they are again negative, and that obtained from Line II is 
exceedingly high. As mentioned previously, here also are found greatly 
increased rates close to the scarp, as in the Armerietimu Presumably 
distance will have the same effect on accretion rate in all the vegetation 
zones, 

(3) Festucetum and transitional Armerietum to Festucetunu 

Only on Lines II and III are there sufficient points higher than the 
Armerietum to render worth while the attempt to unravel the relations 
between the three variables studied, and it is certainly unfortunate that in 
both of these areas the same unusual combination of circumstances renders 
it impossible to determine the individual effects of height and distance on 
accretion rate. Along Line II, for example, the multiple coefficient reaches 
the high value of 0-831 (i per cent = 07321), indicating that when height 
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and distance are taken into consideration the accretion rate may be very 
accurately predicted. The individual total correlations are of much the 
same magnitude (with height -0-8246, and with distance -fo-Sidi), 
showing that if either of these is considered alone the accretion rate is 
determined with an accuracy almost as great as when both are taken into 
account. This is brought about by the fact that height and distance are 
themselves extremely highly and negatively correlated (r^;^ = — 0-9494), 
and therefore any other variable which is highly positively correlated with 
one, such as accretion rate in the present instance, must also be highly 
negatively correlated with the other. The partial correlations are quite 
insignificant in both cases ~ "b ^*^^7)“ "^he 

conclusion to be drawn from the data, then, is that accretion rate is to all 
intents and purposes accounted for by land height and distance from the 
scarp, but owing to the very high correlation between these two last it is 
impossible to determine how the rate is related to them individually. On 
this line the transitional vegetation and the pure Festucetum have been 
treated together, since an examination of the data shows that there is no 
observable difference of behaviour between them. 

By a coincidence, and for precisely the same reason, it is also impossible 
to analyse the only other Festucetum data, those of Line III. There 
would seem to be, however, no a priori reason for supposing that in the 
higher sward vegetation zones the rate of accretion varies with height and 
distance in a manner very different from that found in the Armerietum, 

Interpretation of ^ Height^ and ^Distance'. From the above analyses 
it is seen that the more important factors determining the rate of vertical 
accretion at any point in a given area of the marsh are (i) density of 
vegetation, (2) height above mean sea level, and (3) distance from the river 
front of the marsh. The first two need little comment ; factor (1) deter- 
mines the efficiency of the point as a collector and retainer of the silt 
presented to it, while (2) determines the frequency and duration of the tides 
covering it. But the interpretation of factor (3) is less obvious ; ^ distance * 
is, indeed, probably a generalization which may suitably express the 
resultant effect of several subsidiary factors. In the most complete set of 
data dealing with scarp distance, that from the Armeriettmi of Line I, it is 
found that accretion rate is greatest near the scarp, and diminishes very 
rapidly inland, until at about the mid-marsh a minimum is reached ; further 
inland again the rate increases slightly. In the absence of data to the 
contrary we may assume that with slight modifications some similar 
relation exists on the marsh generally. The very high accretion rate near 
the scarp would seem to be the result of two causes. Firstly, in the words 
of Yapp ( 7 , p. 81), "during high tides, as the channels become filled, the 
water tends to overflow their banks. When .this happens, the coarser, 
heavier sediment' is naturally deposited first, and so the banks of streams 
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and the larger channels often become slightly raised above the sorroonding 
level This applies to the mam river^ as well as to tributary streams and 
channels/ Thus as soon as it is flooded, the river edge will take first toll 
of the silt brought in by the tide. Such an effect must be general and act 
equally at both the eastward and westward ends of the marsh. But, 
secondly, there is at the Ynyslas (western) end a further cause of the high 
accretion rate along the scarp front ; this is a supply of wind-borne ■ sand 
from the dunes at the mouth of the estuary. Concerning this, Yapp says 
(p. 67) that near Ynyslas ^ Festticetujn is developed mainly on a slightly 
raised strip of land along the northern or river edge of the marsh. Most 
of the blown sand is intercepted by this strip, hence the finer character of 
the soil of the Armerietumy which lies on its landward side,' An average 
mechanical analysis of the upper twelve inches of these two types of soil, 
as given by Yapp, is as follows : 



Coarse 

Fine 

Silt. 

Fine 


sand. 

0 / 

sand. 

0/ 

silt. 

Seaward raised strip 
(Lower Fesittceiuni) 

A 

42*40 

% 

28*43 

% 

18*12 

% 

4*42 

More landward soil 
(Armertetum) 

6-63 

12*14 

21*42 

24*72 


In the same place (7, PL XII, Photograph i) appeared a photograph 
showing the raised seaward strip at the Glandovey end, standing exposed 
above the water while the marsh immediately behind it is submerged. 

Another factor which is probably partially included in the term 
‘distance from the scarp’ is the general slope of the land. Where the 
surface slopes comparatively steeply, so that during the ebb and heavy 
rain-storms water flows rapidly over it, much of the silt which was de- 
posited at high tide must again be removed. This will affect open more 
than closed associations, and may well be one of the reasons why open 
Glycerieium does not accrete so rapidly as the later and denser vegetation, 
and the chief reason for the very slow accretion rates observed in bare 
pans, channels, &c. In the areas observed, land contours in one direction 
only are known, hence it is difficult to say how far this factor has been 
effective in the present instances. Along Line III, during the early stages 
of flooding, water gains access to the marsh, and later leaves it again, by 
way of a channel crossing the line at right angles, at approximately 160 feet 
from its river end. Owing to the general downward slope from the scarp 
to this channel, the amount of scour, which will depend very considerably 
on the amount of water flowing over the point, must be positively correlated 
with distance from the scarp over much the greater portion of the line ; 
this may be the main reason for the relatively large effect of distance on 
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accretion rate in this areag leading in the linear regression equation to 
a high coefficient of Scarp Distance compared with that of Land Height. 
In the Armerieium of Line 11 also there is a high negative correlation 



between height and distance, and again the relation between the coefficients 
of the regression equation is similar to that of Line III at the opposite end 
of the marsh, and not to that of Line I at the same end. 

The effect of running winter in the removal and subsequent re-deposi- 
tion of sediment may be well illustrated in the irregular area of Line III, 
referred to above (p. 338). This area includes the points C-G in Fig. 3, 
where the fit of the regression equation is poor. On the marsh, between C 
and D, there is a Fesiiicetum hummock rising to a height actually greater 
than that of B ; C and D lie on the comparatively steep slopes of this 
hummock. On its river side the land falls slightly beyond C to a hollow 
containing Glycerietnm, and on the landward side to a channel a few inches 
beyond the point E. It appears probable that summit points will have 
little sediment removed from them, since the amount of water running 
over the surface will be minimal. On a uniform slope, the lower the point 
the greater will be the amount of silt removed ; where the slope is not 
uniform the rate of flow and of surface erosion will vary with the angle of 
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slope ; while in the hollows themselves the material carried down may once 
more be trapped and accumulate. On these assumptions C and lying 
low down on steep slopes, may be expected to have abnormally low rates of 
accretion, and it is actually found that the observed rates are much below 
the expected values when these factors are not considered. On the contrary, 
the observed rate at E, lying in a deep depression, is much higher than the 
regression value. Similarly, it may be mentioned that the Glycerietum in 
the hollow on the river side of C has an abnormally high rate ; 7«25 cm. per 
50 months, compared with 4-1 cm. in the Armerietum at C, from which it 
differs but slightly in Scarp Distance and Land Height. 

Again, F is a summit point, and may be expected to have a rather 
higher value than normal ; ^ G lies on a moderate slope, and has a low 
value: while H lies at the foot of the slope (a channel running immediately 
on its landward side), apparently near the point where removal and re- 
deposition compensate for each other. 

Exactly how far the curved regression of accretion rate on distance, 
obtained from Line I, is applicable to the marsh as a whole is questionable, 
but it is highly suggestive that a cross-section of the marsh usually reveals 
a relationship between present height and distance very similar to this 
regression. 

This is clearly shown in Fig. 4, where the observed contours of the 
four lines are presented to different horizontal scales. The general simi- 
larity between the sections In the areas of Lines II, III, and IV is obvious, 
as is their common resemblance to the three accretion regression curves 
presented on the same diagram. The broken regression line is the one 
derived from the Armeriettmi data of Line I when the first power and the 
logarithm of Scarp Distance are considered, i.c. a cross-section of Fig. 2. 
A regression of this form has the disadvantage that it must of necessity 
give a value of 4 - or — infinity at the scarp itself ; hence the regression 
equation involving Land Height and the first and second powers of Scarp 
Distance has been calculated : 

Accretion = —0-97792 (Land Height)— 0-028459 (Distance) 

+ 0*00006x949 (Distance)^ + 7-9818, 

The fit of this equation is not so exact as that given by the one involving 
logarithms, but it is very good, as is evidenced by the high multiple cor- 
relation coefficient, i.e. 0*8865. The extra goodness of fit of this equation 
over that of the rectilinear regression is also very highly significant: 

z = 1-461 (i per cent = 1-022). 

^ This would not seem to account entirely for the high rate observed here ; possibly a more 
important factor in this particular case may be that the species characteristic of tower 'Festuc&tutn 
are becoming numerous ; the vegetation is in a very late Armerietum stage and unusually ^crise 

(cf.7.p.7a). ■ , 
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This particular regression on Scarp Distance is plotted as the curved dotted 

line in the figure. 

The third regression shown there (continuous curve) is the one obtained 



Fig. 4* Diagram showing (t) observed contours of Lines I-IVy to different horizontal scalesy 
and (2) regression of accretion on Scarp Distance derived from data of Line I. For explanation 
see text. 

Contours: Line 1 . continuous ; Line 11 , dotted ; Line III, broken; Line IV, hatched. 

Regressions : (i) From Armerietufn, first power and logarithm, broken ; (2) from Armerietumy 
first and, second powers, dotted ; (3) from all points, first and second powers, continuous. 


by introducing the first and second powers of Scarp Distance into the 
equation representing not merely the thirty Armeriettmi points of this line, 
but the total 53 points, all zones being considered together. By this 
inclusion no marked change in the shape of the regression is indicated, but 
it should be remarked that when the line is considered as a whole the 
goodness of fit of the curved regression is not significantly better than that 
of the rectilinear. 

The main difference between the general land contour of Lines 11, III, 
and IV on the one hand and on the other the general shape of the regres- 
sion curve for accretion rate, derived from the best data, those of Line I, is 
that the scarp end of the section is relatively slightly low, while the land- 
ward end is relatively rather high. If, as is probable, colonization of the 
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marsh began normally at the landward end, and gradually encroached 
further into the estuary (cf. 7, p. 81), this factor in conjunction with the 
regression of accretion on distance will account almost entirely for the 
present general surface configuration. At the extreme scarp end the effect 
of the periodic waves of erosion and re-building can also be seen in the 
lowering of the section. Only in the case of Line I — the line from which 
the regression is obtained — is there any marked departure from this form. 
This is probably the result of an unusual initial colonization in the area, age 
of the marsh not necessarily increasing with increasing distance from the river. 

(e) Rate of Change of Vegetation Zones. 

From the regression equations the time taken by a given point to 
accrete a definite amount may be calculated. This has been done for the 
Armerietnm of Lines I and III. Along Line III the approximate height 
limits of the association are 1-3 and 2*3 feet, and the following periods are 
obtained, from the linear'regression equation, for the points under considera- 
tion to rise this particular foot, i.e. to traverse the complete association : 

Point. Time. 

10 feet from the scarp 26 years. 

Mid-marsh (100 feet) 33 years. 

-I 

Values for Line I, also calculated from the linear equation, are given 
below ; it should be noted that here the vertical range of the Armerietnm 
is slightly greater than in Line III (1*5-275 feet). 

Point. Time. 

10 feet from the scarp 72 years. 

Mid-marsh (200 feet) 85 years. 

For a direct comparison with the area of Line III the corresponding 
times taken to rise the first foot in this zone may be used : 53 and 61 years 
respectively. It appears that the general rate of rise is just about double 
at the Glandovey end of the marsh (head of the estuary) what it is at the 
Ynyslas end, but owing to the greater vertical range of the association in 
the latter region the time taken for any point to pass through the zone is 
more than double that taken near the former. The other vegetative zones 
show similar differences at the two ends of the niarsh.^ 

^ There is no doubt as to the reality of the difference in the observed accretion rate at the two 
ends of the marsh, If the observed increases in height in the Armerieium of Lines I and III — 
reduced to an equal time interval — are compared by means of * Students ^ test, a value for * / ' is 
obtained of 9.83, ^ being 43 (i.e. i per cent. ~ 2.7). This very high value 'would be higher yet 
were it not that the variance within the two groups is much increased by the variations in land height 
and scarp distance ; but this consideration is offset by the fact that the difference between the means 
should be slightly lower than the value used, owing to the Armeriehmi being on the average raihet 
more advanced on Line I than on Line III, i.e. on Line I the points are relatively higher and there- 
fore tend to accrete less rapidly than on Line III* 
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A better estimate of the exact conditions prevailing in the region of 
Line I may be obtained from the equation involving the logarithm of 
distance. The times taken to traverse the Armeriettim are as follows : 


Point. Time. 

10 feet from scarp 4^ years. 

40 JJ SJ 55 ^7 55 

Mid-marsh {200 feet) 9^ 55 

Landward limit (380 feet) 87 „ 


From the regression equations for the Glycerietum and FestuceUim 
could also be calculated corresponding time periods for those associations, 
so that a figure could be given representing the time which has elapsed 
since any given point was first colonized by vegetation ; but since figures 
based on insignificant regression equations might be grossly misleading, no 
attempt has been made to determine these times. Suffice it to say that 
each subsequent association must take a longer period to complete its 
history than does the Armerietum^ in which accretion rate attains its 
maximum rapidity. 

(f) Morphological Changes htduced by Rapid A cere lion. 

As has been stated, a fifth line was laid down on the very sandy area 
near the river end, and on the east side of the great breakwater in the 
Glandovey area of the marsh. In this specialized region almost all the 
observed points are in the Glyceriettim^ but, as indeed is not surprising, no 
significant correlation coefficients can be obtained, though there is again 
strong evidence that higher parts accrete more slowly than lower unless 
the latter are very open and therefore lacking in binding power ; and also 
that accretion increases as the river or a large channel is approached. 

The area is remarkable for the magnitude of its general rate of vertical 
growth, rates up to, and even slightly exceeding, 8 cm. in 16 months having 
been observed, i.e, nearly 0-5 cm. per tidal cycle. Such rates naturally 
have a profound influence on the morphology of the plants growing there, 
which must keep pace with the vertical growth ; and it appears that most 
of the energy of the Glyceria is used up in this, very little tillering being 
found (see Fig* 5, a). This is in strong contrast to the conditions obtain- 
ing some 50 feet inland, and at approximately the same height, where the 
rate of accretion is only cm. per 16 months, though this rate is high 
compared with those in the areas previously discussed. Here the plants 
manage to keep their aerial portions above ground with moderate ease and 
tillering is abundant (Fig. 5, B). Where accretion rate is excessive the 
main stolon may be traced to a considerable depth underground, with nodes 
at intervals of approximately 1 cm. ; in the case of the plant drawn, the 
stolon extended more than 1% cm. below the soil. The one tiller present 
was completely buried’ and dead. 

The dose tufted habit of growth of Glyceria, seen in B, is characteristic 
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of the species when growing under drier conditionSj as on a sandy or well 
drained soil, and normally towards the upper limits of the association. In 
wetter places it is much less tufted, forming long creeping shoots. The 



Fig. 5. Typical Glyceria plants from Line V (after Yapp), a, plant from region of very high 
accretion rate ; B, plant from region of more moderate accretion rate. Present surface level and 
surface level i6 months previously are indicated. 

tufted form must be more efficient as a collector of silt than the creeping, 
and hence the general positive correlation between accretion rate and land 
height in associations below the Armerietimi will normally be accentuated 
by this change in the habit of growth. This will account for the prominence 
of early Armerietum hummocks on young marsh generally, since these 
must grow vertically much more rapidly than the open Glyceria surrounding 
them. The young Armerieium in the neighbourhood of Line V, though 
raised, is not so abruptly hummocky as is that in the more or less water- 
logged regions of Lines III and IV ; and the Glyceria for the most part is 
less open. In all probability the better drainage of Line V allows Glyceria 
more rapidly to assume the tufted form, and therefore to accrete more 
rapidly. Under these conditions the early Armerietum will not rise at 
a much more rapid rate than the Glycerieium, and the marsh will therefore? 
be but slightly hummocky. ' 
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In general it may probably be said that where drainage is deficient an 
association may persist at higher levels than normal ; in other wordsj, poor 
drainage retards while good drainage accelerates the normal succession on 
a salt marsh. 


(g) Factors Affecting the Rate of Accretion. 

The main factors determining the rate of vertical accretion at any point 
which have been discussed in the preceding sections may be conveniently 
summarized as follows : 

A. Supply of maieriaL 

I. General position in the estuary. The rate is much higher near the 
head of the estuary than the mouth, due to differences in the slit 
burden of the water, flocculation of fine particles in suspension in 
fresh water on meeting salt water, &c. 

%, Distance from river front, or a large channel, as affecting {d) the 
supply of material in aqueous suspension, and {b) the supply of 
wind-borne sand, particularly near the mouth of the estuary. 

3. Height above mean sea level as determining the frequency and 

duration of submersion. 

4. Presence of obstacles (as a breakwater) which affect tidal currents 

locally, and in the lee of which water- and air-borne particles may 
accumulate. 

B. Collecting and retaining efficiency. 

5. Density and character of vegetation. This affects the collecting 

efficiency by determining the resistance to flow (cf. 4), and the 
collecting area ; while the power of retention must be closely 
related to the binding power of the vegetation. 

C. Subsequent changes of deposits. 

6 . General slope and topography of the marsh at the point, and 

7. Density and character of vegetation, as determining the amount of 

silt removed or re-deposited by the ebb-tide currents, heavy 
rains, &c. 

3. Rate of Formation and Early Changes of the Marsh. 

Other types of change on the Dovey salt marshes will be dealt with 
only briefly, as they have not been observed sufficiently widely or over 
a long enough period of time to enable them to be expressed in exact 
quantitative terms. 

The rate of horizontal spread of vegetation over the bare silt of the 
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estuary has been studied by observing for a period of several years a small 
isolated area of young marsh at the Yn3^slas end. The area is one situated 
at the limit of vegetation towards the river, and has been surveyed on three 
occasions: (i) July 1922, (2) June 1925, and (3) April 1930 (see Figs. 6~8). 
In 1922 it consisted of a main ‘island’ of comparatively old marsh chiefly 
in the Armcrietum stage, together with, on its landward side, some half 
dozen smaller islands sufficiently old to be partly colonized by Armeria, 
and also a large number of small islets of Glyceria\ very many of these 
last consisted of single plants. The main island formed a comparatively 
simple hummock, the higher portion of which had been completely colonized 
by the Armei'ieiiim flora, leaving a narrow peripheral band of Glyceria 
which was still spreading laterally. 

The river side was sufficiently advanced to have suffered considerable 
erosion, resulting in an escarpment some 12 inches high, but there was no 
secondary marsh forming below this. Crossing the main mass were two 
sheep-tracks in which Armada had been unable to obtain a footing, or 
alternatively was insufficiently resistant to the continual wear. 

In the 1925 survey many interesting changes are recorded. Since 1922 
considerably more erosion had taken place at the river side, removing all 
traces of the peripheral Glycerietiim in this region, but secondary sward had 
not yet begun to develop at the silt level. The most marked change was 
at the landward side, where the small Glyceria islets had spread laterally 
over the silt to such an extent that the majority had coalesced with similar 
islets or with the main mass. Perhaps the most striking feature brought 
out by the two surveys is the persistence of even minute Glyceria plants 
once they have rooted on the bare silt ; in almost every case the individuals 
mapped in 1922 had survived until 1925. In addition, the main island had 
extended laterally (except at the river side as mentioned before) owing to 
the colonizing power of the Glyceria. The Armerietum had not extended 
in a manner at all comparable to that of the Glycerieium ; in fact very little 
extension of the masses present in 1922 had occurred, and but four new 
areas appeared* 

The 1930 survey shows a continuation of these changes. Erosion at 
the river end had advanced considerably, and much of the fallen vegetation 
had succeeded in re-establishing itself at the lower level, so that secondary 
sward formation had begun (cf. 7, p. 82). Almost all the Glyceria islets of 
1922 had extended to such a degree that they formed a continuous sward 
with the original main mass, though much of the vegetation in this area 
was yet very open. New islets were still appearing on the silt at the side 
away from the river, where presumably broken bits of Glyceria washed by 
the tides were left to establish themselves as new growth centres. The 
shelter afforded by the main mass would seem to be an . important factor in 
this process, and the surveys show a marked difference between the rate of 
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spread away from the river behind the older marsh, and that in any other 
direction. This difference appears to be due entirely to the continual 
formation of new colonizing centres in this direction and in no other ; 
extension in a direction parallel to the river is dependent almost entirely on 
the gradual growth of the existent periphery. In considering the spread of 
a plant community by vegetative growth over a horizontal area under 
uniform conditions it seems clear that the rate of colonization of the two 
dimensional surface must be a function of the length of the growing edge, 
i.e. a one dimensional measure. Hence enormously increased rates may be 
expected where the length of the growing edge is much increased by the 
formation of fresh centres of colonization. In the present instance, owing 
to there being but three surveys of the area over a period of rapid growth 
and coalescence, It is of little use to attempt the laborious determination of 
the extent to which the difference between the rate of spread away from 
the river, and that in the direction parallel to it, may be ascribed to this 
cause and how far to others — such as the protection afforded by the main 
mass, tidal currents, &c. 

The 1930 survey shows again very slight increase in the total area 
occupied by Armeria ; indeed, some of the areas appear definitely to have 
shrunk slightly, while three of the four new centres noted in 192^5 had 
disappeared entirely, possibly because of the very low level at which 
colonization was attempted. 

It is evident therefore that lateral extension of Armeria is an exceed- 
ingly slow process when compared with that of Glyceria. On the other 
hand, all the older areas of Armerietum marked on the surveys stand out 
clearly in the field, not only because of the different appearance of the 
vegetation, but because they form pronounced hammocks on the lower 
Glyceriettivz, Each hummock presents a weak surface to the tides, and 
may even suffer erosion with the formation of a miniature scarp. This is 
shown well on the surveys in tlie Armerie/um mass situated ^2, feet from 
the southern boundary of the survey, and 17 feet from the western ; in 192^;^ 
it was an ordinary hummock, sloping off gradually on all sides, but by 1925 
the river side had yielded to wave action, forming an escarpment as much 
as 5 inches high. These results then accentuate the difference in the parts 
played by Glyceria and Armeria as marsh builders, if further stress were 
needed on this point ; Glyceria is the primary colonizer and is entirely 
responsible for the lateral spread of the marsh ; this is accomplished rapidly 
because of the stoloniferous habit of the plant, and may be greatly accele- 
rated by the ease with which new centres of colonization are formed. 
Armeria, on the other hand, is primarily concerned with the vertical raising 
of the young marsh, its habit being well adapted to change in this direction. 

Though the area occupied by Armeria changed very little between 
1933 and 1930, the survey of the latter year shows that a large number of 
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Fig. 6. Survey of area of young marsh in July 1922 (surveyed by U. C Slane and F* J* 
Richards), for comparison with Figs. 7 and 8. Distances in feet. 
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seedlings had obtained a footing on the more raised portions of the new 
marsh, and these appeared to be doing well. Of course it is probable that 
many of these will die out, as did the three new colonizations of 1925 noted 
above ; but it is interesting to note that in several cases Armeria had been 
able to obtain a footing, by the summer of 1939, on areas which must have 
been unoccupied by vegetation in 1921, 

Finally, it may be pointed out that a new method of pan formation, 
so far as the Dovey Estuary is concerned, is revealed in these surveys 
(cf 5 and 7 ). In 1922 two sheep tracks crossed the area. By 1925 one 
had been deserted while the other, by frequent use, had grown more com- 
plex. The deserted one proceeded to grow up and become indistinguish- 
able from the surrounding sward, with the exception of a small hollow in 
which water accumulated. The Glyceria in this hollow had disappeared by 
1925, and by 1930 a small pan, 3 feet by i foot, had developed; it will 
doubtless remain a permanent feature of the marsh. This is the first and 
only case observed by Yapp of a pan originating directly on the sward 
instead of on bare silt. Warming (4) had stated that such methods of pan 
formation may occur, as, for instance, where the turf has been weakened or 
destroyed by putrefying masses of algae or Zasiera^ or by the treading of 
cattle; but these were not previously accepted by Yapp (7, p, 87, and 5, 
p. 19) at least in so far as the Dovey marshes were concerned. It is clear 
that in this estuary such methods are not usual and are quite unimportant 
in the history of the marsh, 

4. Scarp Erosion and Formation of Secondary Marsh. 

These phenomena have been observed by surveying selected areas. 
Two areas at the Glandovey end of the marshes were chosen in July 1921^, 
one in which secondary marsh formation was in its first stages and one in 
which it was already well established. These areas were re-surveyed in 
June 1925, and again in April 1930; the surveys of .1922 and 1930 are 
presented in Figs. 9 and 10. As again quantitative figures for rates of 
change cannot be given with any precision, only the more salient facts 
brought out by these surveys will be indicated. In the case of the area in 
which secondary marsh formation is just beginning, and scarp erosion is 
presumably at its most active stage (Fig, 9), it is readily seen that this 
latter is a very slow process. The primary marsh, which forms an escarp- 
ment roughly 20 inches in height, has been cut back approximately ii inches 
during the period between the surveys, i.e, rather less than 1*5 inches per 
annum. In the case of scarps which are partially protected by a well- 
established secondary marsh (Fig, 10) the rate of erosion is apparently 
considerably lower yet. The chief difficulty in obtaining such rates in 
a comparatively short time lies in their discontinuity. The great binding 
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Fig. 9. Successive surveys of area of young secondary marsh with primary escarpment, 
(i) July 1922 (surveyed by U, C. Slane and F. J. Richards). (2) April 1930 (L. K. and F. J. 
Richards). Distances in feet. 
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power of the roots of the sward plants results in the looser silt of the lower 
part of the scarp being eroded more rapidly than that of the upper layers^ 
and this condition is accentuated by the fact that the foot of the scarp is 
exposed to tidal scour more frequently and for longer periods than the 
upper portion. Undermining is therefore the general rule, with the con- 
sequence that the primary sward itself remains almost unaffected by 
eroding influences for long periods of time, until a comparatively large 
mass breaks away and falls to the bare silt below. Sward erosion then, 
which is indicated on the surveys, is a discontinuous process, though erosion 
at the foot of the scarp must be more nearly continuous. As was pointed 
out by Carter ( 1 ), in this estuary ordinary tides do not play much part in 
scarp erosion; it is chiefly in times of storm or very high tides that the 
escarpments suffer most denudation. According to her observations, marginal 
erosion is most rapid in mid-winter and mid-summer (January and July). 

The above data were obtained from the Glandyh end of the marshes ; 
the only data concerning the Ynyslas end are contained in the three 
surveys previously considered (Figs. 6-8). Owing to the complicated 
structure of the scarp in this area, a representative figure for the rate of 
erosion is even more difficult, but the process would appear to be between 
two and three times as rapid as in a similar area near the head of the 
estuary. This is due not only to the nearness of the open sea, but probably 
also, as pointed out by Yapp ( 7 , p. 88) in connexion with pan erosion, to 
the more sandy nature of the marsh in this region. Even here the rate of 
erosion is very slow and somewhat reminiscent of the rate of pan enlarge- 
ment ( 5 ). 

Much of the fallen turf is gradually disintegrated, but some succeeds 
in re-establishing itself at the silt level and by subsequent lateral growth in 
re-forming the marsh (secondary marsh). The initial establishment appears 
to take considerable time, as may be seen by a comparison of the two 
surveys in Fig. 9. Some of the fallen vegetation blocks of 192^2^ had 
entirely disappeared by 1930; some had managed to exist without showing 
marked increase in size ; while others had begun to spread laterally on the 
silt. The most important factor in determining whether re-colonization 
from fallen turf shall immediately proceed or not is the presence or 
absence of Glyceria. If the latter is abundant hoi'izontal growth begins and 
a growing edge is soon formed. When this is well established the forma- 
tion of a more or less continuous sward is quite rapid, as may be seen in 
the area at the right of Fig. 9 ; in this area too, the beginning of a second 
erosion scarp may be seen some 20 feet nearer the river than the primary 
scarp. Should Glyceria be absent from the fallen block the Armeria^ 
Festuca^ See,, may or may not persist, but in no case will appreciable lateral 
growth be made. The block may retain, its individuality for many years 
without any marked change in size and shape, until finally it becomes 

■S 
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engulfed by Glyceria spreading from other areas ; still latei'j when the 
general level of the secondary marsh has been raised and conditions suit- 
able for the vigorous growth of species characteristic of the higher associa- 
tions have again been realized, these clumps may become important as 
centres of colonization for those species. An example of such a block 
being surrounded by Glyceria from outside sources may be seen in Fig« 9, 
some 13 feet from the bottom and 4 feet from the right edgeJ 

Later stages in secondary marsh formation are very similar to those of 
primary formation and are indicated in Fig. 10. Lateral extension is 
almost complete and many pans have been foi*med, mainly at the foot of 
the primary scarp. The secondary marsh has a total width of 
feet, and the formation of a secondary scarp is almost complete.^ 

Summary. 

1. The rate of vertical accretion in five selected areas on the Dovey 
salt marshes has been investigated over a period of eight years. In the 
examination of the data the statistical methods of correlation and regression 
have been used, since they present the most reliable and efficient means of 
extracting the relevant information. 

2. The rate of accretion is found to differ in the different sward 
associations. In general it is greatest in the transitional vegetation between 
the Glycerieium and the A^'merietum^ being lower in the pure Glyceriettmi ; 
it also decreases gradually throughout the later history of the marsh. 

3. The rate, at any point has been correlated with the height of the 
point above sea level. In the Armerieium and later associations the 
correlation with height is negative — accounting largely for the decreasing 
accretion rate through the successive vegetation zone— but in the stages 
prior to the Armerieium it is positive. In this case the most potent factor 
is not the height of the point, but the density of the vegetation. This 
increases with age and therefore with height ; consequently the silt collect- 
ing power of the point increases with height. 

4. Accretion rate has been related also to distance from the main liver 
front. In general a high and negative correlation coefficient is obtained. 
From the best data concerning the relationship it appears that near the 
limit of the marsh towards the river accretion rate decreases very rapidly 
with increasing distance, but further inland changes more gradually, and 
may even increase slightly with distance towards the landward side. Such 
a relationship agrees well with the most usual form of the cross-section of 
the marsh and certainly accounts largely for this. 

^ 9 large pan at the bottom edge is growing up owing to drainage ; an outlet has 

oeen cut in the landward side of the pan, i.e. not in the surveyed area. 

® A sheep track was made across the secondary sward between 1925 and 1930. 
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5o The probable significance in these correlations of the variables 
' Height ' and ^ Distance from the river front * is discussed. 

6* From the regression equations the time taken for the surface of the 
marsh to rise a given amount, or to pass completely between the limits of 
any vegetation association, may be calculated ; this has been done for the 
most significant data. 

7. Where the rate of vertical accretion is very high it exerts a profound 
influence on the morphology of the plants concerned. 

8. The main factors recognized as affecting the rate of accretion on 
the Dovey marshes are summarized and tabulated on p. 248. 

9. The rate of spread of Glyceria over the estuary silt, and its subse- 
quent invasion by Armeria^ have been studied by means of surveys. 
Armeria has obtained a footing in marsh which cannot have been in 
existence for more than 8 years. 

10. Surveys illustrating the rate of scarp erosion and of secondary 
marsh formation are presented. Scarp erosion is a slow process in the 
Dovey estuary, i- 5 ~$ inches per annum being usual; the rate depends 
apparently on position in the estuary. 

In conclusion I desire to record my gratitude to the late Professor 
Yapp for his earlier guidance and stimulus ; to Professor V. H. Blackman 
and Dr. F. G. Gregory for much valuable criticism ; to all those who have 
aided in the amassing of data, and particularly to my wife without whose 
assistance the work of 1930 would have been impossible; to Mr. W. H. 
Mappin, of Ynyshir Hall, the owner of the marshes; and to the Civil 
Engineering Department of the University of Birmingham for the loan of 
surveying instruments. 
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The Cytology and Development of Ascophanus 

Aurora. 


BY 

H. C. I. GWYNNE-VAUGHAN 

AND 

H. S. WILLIAMSON. 

^ Witli Plates VI and VII and three Figures in the Text. 

COPHANU S AURORA (Crouan) Bond is a small, discomycetous 
JTA fungus occurring not uncommonly on sheep pellets and giving rise to 
orange-brown apothecia with protruding asci and hyaline spores. It 
grows readily in culture and fruits well, especially on agar made up with a 
decoction of sheep dung to which chopped grass has been added. The 
fungus is homothallic and monoecious, ascocarps appearing in single spore 
culture. The type of growth is variable, sometimes the mycelium is 
sparse, extending quickly to the edge of the dish and giving scanty fruits, 
while in other cultures from the same source and on identical media large 
numbers of ascocarps appear in successive zones before the agar is half 
covered. It was mainly from rich growth of the latter type that material 
for examination was obtained. On it sexual branches appear six or seven 
days after the germination of the spores and mature fruits in fourteen days. 
Illumination is not essential to the development of the fungus which grows 
and fruits as readily in darkness as in light. 

The spores germinate without a period of rest, the best results being 
obtained when they are placed for three hours in an incubator at 48° C. 
and transferred to an incubator at 25° for the remainder of their develop- 
ment. Material was fixed while still in the incubator, care being taken not 
to disturb it or subject it to changes of temperature before killing. Series 
of fixations every hour from noon to 10 p.m. gave abundance of critical 
stages. Flemming's strong solution diluted with an equal quantity of water 
was used as a fixative throughout the investigation. 

For morphological examination thin slices of agar bearing the ftingua 

1 Annals' of Botany,* Vol* XLVIII, No. CBXXXIX. jranmary, i934d 
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were stained with eiythrosin (10) and mounted in glycerine jelly. Owing to 
the small size of the fungus a one-twelfth objective had to be employed, it 
was therefore necessary to ensure that the film of jelly above the specimen 
was \’'ery thin^ Sections for cytological work were cut 7 to lo/i thick and 
were stained for the most part in Heidenhain^s haematox3diii and erythrosiii 
in clove oil ; they were mounted in Sira medium. 

Germination was studied in microtome sections, of ascocarps with 
ripe spores which had been placed ■ in ' drops of Barnes’ medium (10) on 
sheep-dung agar, incubated at 48^0. from 5 to 8 p.m. and left at 1^5° C. 
till the following morning when they were fixed without removal from the 
incubator. By that time many of the spores had become multinucleate and 
the most advanced showed narrow germ tubes. As in Pyronenia confluens 
(11), the nuclei in the spore divide independently of one another, and not 
simultaneously as in most coenocytic cells. Two chromosomes can be 
recognized at metaphase (PL Vll, Fig. 33) and two at later stages proceed- 
ing to each pole. 

The vegetative hyphae are narrow, less than half the diameter of those 
of P. confluens. They are richly branched and show frequent anastomoses 
(PL VI, Fig. i). In young vegetative cells the cytoplasm is vacuolate and 
the nuclei (PL VII, Figs. 17, 30) are exceptionally clear. The granules 
common on the transverse walls of fungal hyphae were not observed in 
A, Aurora, No evidence was found of the occurrence of conidia or of 
accessory spores of any kind. 

Development of the Sexual Apparatus. 

When apothecia are about to be formed, outgrowths with dense con- 
tents appear on the mycelium (PL VI, Fig. 3) and develop as male or 
female branches. As in Pyronema^ several pairs of sexual organs are usually 
concerned in the development of a single ascocarp (Text-hg. i), the number 
of oogonia in a group varying, in A, Aurora, from one to thirty or more, 
with five to eleven as common numbers. Both antheridia and oogonia 
vary considerably in size. 

The male branch terminates in a globular expansion (PL VI, Fig. 3) 
with finely granular cytoplasm and, as development proceeds, a well-marked 
central vacuole. The basal wall is often some distance down the stalk, so 
that the aotheridium has the form of a drum-stick with a short, thick 
handle. It contains four to ten nuclei, or, in large examples, possibly one 
or two more. The antheridial stalk is short at first, but may undergo con- 
siderable elongation, it is often dichotomously branched (PL VII, Figs. 18, 
19), but no case was observed in which more than one branch ended in an 
antheridium. Sometimes, especially when the stalk bends more or less at 
right angles, a balancing hypha (PI. VI, Fig. 5, PI. VII, Fig. 18) may be 
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thrown out, A similar phenomenon was observed in Ascohlus' mqgm- 
fens (12). 

The stalk of the female branch is usually rather short, sometimes con- 



Text-fig. I, PrimorcHum of an nscocarp showing eight pairs of sexual organs at or soon after 
the stage of nuclear fusion, a shows a balancing hypha put out from the oogouial stalk. At ^ the 
trichogyne is vacuolate and the stalk of the antheridiiim is breaking down. At c, also, fertilization 
has taken place, the tip of the trichogyne having united -with the prolongation of the antheridium 
down the stalk, x j,ooo. 


sisting of only one cell (PL VI, Fig. 7, PL VII, Fig. 18), Balancing 
hyphae may be formed (PL VI, Fig. to, Text-fig. i, a) as on the antheri- 
dial branch. The oogonium contains dense, finely vacuolate cytoplasm, 
often with one or more large vacuoles (PL VII, Big. 19), and with eight to 
twenty nuclei. In some cases it is oval, in others elongated like an Indian 
club (PL VII, Fig. 18), in others fantastically twisted or curved (PL VI, 
Figs. 4, 7-10, PL VI, Figs. 17, 18, 23). It is difficult in a two dimensional 
figure to do justice to its contortions. The proximal end is usually narrow, 
the distal end, in young specimens (PL VI, Figs. 2, 4, PL VII, Fig. 1.7), 
being much distended. As development proceeds, the outline is ’ modified 
by the appearance of a trichogyne (PL VI, Big. 4), a relatively .marrow, ' 
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iinicelliilar prolongation from the main body of the oogonium (PL VI, 
Fig. 15, PL VII5 Fig. .18). It contains a few nuclei which later are lost. 
As in Pyromma^ the trichogyne is here a secondary outgrowth, whereas, in 
A. magnificus and Ascodesmis nigricans it is the terminal region of the 
original female branch. Contact is soon made with a neighbouring anthe- 
ridium (PL VI, Figs. 5, 6, PI. VII, Fig. 18), and continuity is established 
(PL VIL Fig. 19) between the contents of the antheridium and trichogyne. 

In due course the wall at the base of the trichogyne disappears and 
the male nuclei are seen (PL VII, Fig. 20) on their way to the oogonium, 
where they become associated in pairs (PL VII, Fig. 21) with the female 
nuclei. In the antheridium the nuclei are smaller and denser than those of 
the oogonium, but they enlarge during transit, and, when they reach the 
female nuclei, cannot be distinguished from them. In oogonia at this stage 
from eleven to thirty-one nuclei have been counted. In material that has 
been fixed during active development, examples are readily found of the 
fusion in pairs of sexual nuclei (PL VII, Fig. 22). Considering their small 
size they are strikingly clear and leave no doubt that in this fungus, as in 
P, conflnens ( 11 ) and A. magnificus (12), normal fertilization occurs. The 
number of pairs of nuclei undergoing fusion in a single oogonium is from 
three to ten, suggesting that all the nuclei from the antheridium may reach 
the oogonium, and that the inactive nuclei present are surplus female 
nuclei. A little later, when the ascogeiious hyphae are beginning to 
develop, the number of nuclei in the oogonium and its outgrowths ranges 
from eight to twenty. 


Table I. 

Oogonia during 



Antheridia. 

Virgin 

fusion. 

Oogonia with 

Number of 

oogonia. 

Total no. 
of nuclei. 

No. of 
pairs. 

ascogenous hypbae. 

Examples counted . 
Number of 

19 

33 


28 

27 

Nuclei . . , . , 

4-10 

8-20 

11-31 

3-10 

8"20 


The figures in Table I show that the number of nuclei in oogonia at 
the time of pairing corresponds to the numbers in antheridia and virgin 
oogonia taken together, and the number of pairs to the number of antheri- 
dial nuclei. At a later stage, when the development of the sporophyte has 
begun, the number is the same as in virgin oogonia and includes both 
haploid and diploid nuclei, fertilization being by this time complete. 

After fertilization the antheridium shows a large central vacuole 
(PI, VII, Fig. 23) and a lining of dense cytoplasm, while in the trichogyne 
a series of vacuoles develops, giving, at first sight, the appearance of 
septation. In both organs deeply staining granules may be seen (PL VII, 
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Fig. 1^3) andj as disintegration proceeds, the whole contents (PL VII, Fig. 24) 
become densely stained* The enlargement of the oogonium at this time 
carries up the trichogyne to which the antheridium is firmly attached* 
When the antheridial stalk is long, it can accommodate itself to the resulting 
changes of position, where it is short the strain may become too great ; it 
disintegrates (Pi. VI, Fig. 14) and all trace of it is ultimately lost (PL VI, 
Fig. 15). The numerous cases observed in uncut material in which the 
trichogyne ended in a globular expansion with no trace of independent 
attachment led us to doubt, during the early part of our study of this 
fungus, whether an antheridium was indeed lacking and the globular body 
oogonial in origin. Again and again what appeared to be a stalk was 
followed through changing foci, only to find that it merged into the curve 
of the trichogyne. Continued search, however, showed first one and then 
many cases in which the tip of the trichogyne had made contact, not with 
the globular region of the antheridium, but with its extension down the 
stalk (PL VI, Fig. la, PL VII, Fig. 19 and Text-fig. i, c). Lateral contact, 
however (PL VI, Figs, ii, 13, 14, PL VII, Fig. 24), is not uncommon, but, 
here also, after the male nuclei have been shed, the cells of the stalk lose 
their contents (PL VI, Fig. 13) and, even if they maintain their position, 
become increasingly difficult to trace. 

^ Development of the Ascogenous Hyphae. 

The ascogenous hyphae are few, one to four from each oogonium, and 
are large in proportion to the sexual organs. Two or more nuclei pass 
into each (PL VII, Fig. 24), they divide (PL VII, Fig. 25), and transverse 
walls are formed at the first or second mitosis. The result of this septation, 
as in P. confiuens ( 11 ), and A. magnificus ( 12 ), is a series of binucleate cells 
(PL VII, Figs. 26, 27) with a distal uninucleate cell and a proximal cell 
containing one or three nuclei. As in the above-mentioned fungi, the 
distal and proximal cells appear to take no further part in development, 
but the binucleate cells bud out, and the two nuclei pass into the branch 
and there divide again. Walls are formed across the spindles, and the 
branch accordingly consists of a terminal and a proximal uninucleate cell 
with a binucleate cell between. The middle, binucleate cell of the branch 
so produced may grow out to form an ascus, or may itself branch once or 
oftener before, from a middle, binucleate cell, an ascus is at last produced. 
But, however often such branching may take place, the original, binucleate 
cell gives rise, in branching, to only one binucleate cell and, ultimately to 
one ascus and no more. If, then, two nuclei enter an ascogenous hypha, 
and walls are* formed in the first mitosis, only one binucleate cell will 
result and the hypha will be capable of forming only one ascus, if thrfeo 
nuclei enter, two binucleate cells and eventually two asd will result, 
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generally, if u nuclei 'enter the ascogenoiis hypha, the iiiiinber of asci will 
be If, however, wall formation is delayed till the second mitosis, an 

ascogenous hypha which receives two nuclei will give rise to three asci. 



Text-fig. 2. Sexual organs of fungi for comparison of size. 

AH are just before the stage of fertilization, x 1000. 

(a) Httmarm granuiaia^ no. of nuclei in antheridium — , in oogonium 6o0"'i,40o. 

(b) Ascobolus magnificus^ „ „ „ xoo-4oo» „ 100-4,00. 

(c) Fyronema conflmns^ „ ,, „ 90-200, ,, 100-200. 

(d) Ascophanus Aurora f „ 4-10, „ 8-20. 

a trinucleate hypha to five, and, generally, a hypha receiving n nuclei to 
Evidently, then, the supply of asci will be greater when numerous 
nuclei enter the same filament than w^hen they are distributed to several 
ascogenous hyphae, but, in any case, it will be conditioned by the number 
of diploid nuclei In the oogonium. In this connexion maybe noted the 
curious phenomenon recorded for Humaria rutilans (9), P. confluents (II), 
and other fungi where the terminal cell of the ascus crozier fuses with the 
stalk. All the four nuclei produced by mitosis in the binucleate cell are 
then functional, and, if branching and division take place repeatedly and 
are followed by the fusion of the two uninucleate cells, a single binucleate 
filament may give rise to a considerable, indeed to an indefinite, number of 
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It is worth while to emphasize that, when the nuclei are arranged in 
a filament in single file, as in the young, aseptate ascogenous liyphae, the 
only possible result of mitosis accompanied by walls across the karyo- 



Text-fig. 3. Male and female nuclei in the oogonium of Pyromma cottfluens just before 
fusion. X 2,600. Copied from PL XII, fig. 13, in volume xlv. of this Journal for comparison 
with the nuclei shown at the same stage in PL VII, fig. 21. 

kinetic spindles is a series of binucleate cells with a cell at either end con- 
taining a single nucleus. 

The ascogenous hyphae enlarge considerably during their develop- 
ment; their nuclei in mitosis show four chromosomes (PI. VII, Fig. i^8), the 
diploid number. After the final division in the crozier two nuclei fuse, so 
that, as' in other Ascomycetes with normal sexuality, the nucleus of the 
developing ascus is tetraploid. In the meiotic prophase it shows four 
gemini (PL VII, Fig. %<))^ and eight chromosomes are seen on the spindle 
in anaphase and early telophase (PL VII, Fig. 30), four going to each 
daughter nucleus. Four chromosomes again appear in the second mitosis, 
but, in the third (PL VII, F‘ig. 31), two only are present in metaphase, and 
two, the haploid number, pass to each pole. 

Discussion. 

Perhaps the most outstanding character of A. Aurora, when compared 
with similar fungi, is its small size. The linear dimensions, alike of the 
vegetative hyphae and of the sexual apparatus, are less than half those ot 
P. €onfluens^\vhic\i is itself smaller (Text-fig. i:^) than other well-known disco- 
mycetous forms. The number of nuclei in the sexual organs diminishes, 
however, with their size, the oogonium of A. Aurora containing only from 
eight to twenty in contrast to the one hundred to two hundred found in 
A. coufluens. An idea of their relative size may be obtained by comparing 
PL VII, Fig. ai, with Text-fig. 3, or bettei', with its original, PL XII, Fig. 13, 
in volume XLV of this Journal, where the same stage is shown at the same 
magnification. 

A, Aurora resembles P, conflttens and also P. domesticum (14), Asco- 
desmis nigricans (2), and Ascobolus strobilinus (15) in the production of a 
compound fruit body, the ascogenous hyphae being derived from several pairs 
of sexual organs. A similar condition is found in Saccobolus depauperatm 
(13) and also in Ascophanus ochraceus (4) for which Dangeard has described a 
fertile branch very like that of A. Aurora. The oogonium is similacly 
twisted and bears a similar trichogyne, sometimes with a globular expanaiop 
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at the tip, like that seen in PL VI, Fig* 15, but Dangeard did not recognize 
an antlieridiiim* His figures suggest that liis species, in the light of our 
present knowledge of A. Aurora^ would repay further investigation. 

Like Ascophaniis ocliraceus^ Ascobohis sirobilinus^ and the species of 
Pyronevia^ A, Aurora shows a distended oogonium bearing a unicellular 
trichogyne, which, as in Pyronema^ is a secondary outgrowth. The oogo^ 
nium of Ascodesmis^ on the other hand, is relatively narrow and becomes 
septate after fertilization, while the trichogyne, like that of A. magni- 
ficus ( 12 ), is the distal portion of the original female branch. A. Aurora^ 
however, differs from Pyronema in the bent or contorted form of its 
oogonium and also in the shape and relative size of its antheridium. The 
antheridia of Pyronema are oblong or clavate and contain about the same 
number of nuclei as the oogonia (Text-fig. 2), whereas the antheridia of 
A, Aurora contain only half as many nuclei as the female organs, and, 
apart from the frequent prolongation down the stalk, are globular or some- 
what pyriform in outline. 

A similar structure has been described by Dodge ( 5 ) for Ascobolus 
carbonaritts^ a species occurring on burnt ground and producing numerous 
conidia. The tip of the long, septate trichogyne comes into contact with 
one of these, and Dodge suggests that the apparent conidium may function 
as a male organ. 

In the early days of the minute study of the fungi spermatia or small, 
globular, detached antheridia were described by several investigators as 
carried by external agencies to the female organs, but the technique of the 
period did not permit the history of their nuclei to be followed. Other 
observers were inclined to regard such structures as conidia, even when 
their cytoplasm was scant and they could not be persuaded to germinate. 
Interesting possibilities are opened up by the observations of Drayton (8) 
for Sclerotinia trifoliorum^ of Dodge (6) for Neurospora sitopMla and of 
Ames ( 1 ) for mycelia from the dwarf spores o^Pleurage anserma^ on the func- 
tion of detachable bodies which they designate as spermatia or microconidia. 
At present the evidence is limited to the fact that, when these bodies are 
applied to appropriate regions of another culture, fructifications with asci 
develop. Ames has figured trichogynes, but does not elucidate their 
structure or behaviour, while, in the case of Sclerotinia and Neurospora^ no 
information is available as to the microscopic details of the process and it 
is impossible to say whether the investigators are concerned with a coni- 
dium activating a mycelium of opposite complement (12), or with an 
antheridium making contact with a trichogyne. Should the latter prove 
the correct interpretation, the small, globular antheridia of A. Aurora will 
assume a special interest. It is greatly to be hoped that details of the 
cytology and minute anatomy of the process will before long be made 
available. , 
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The investigalioii of A. Aurora^ as well as of other fungi studied 
during the past three years, has been greatly assisted by a grant from the 
Department of Scientific and Industrial Research. It is a pleasure to have 
an opportunity of expressing our appreciation of this help. Our cordial 
thanks are also due to Miss Q. Hobbs, M.Sc. by whom the original material 
was collected in Cumberland. 


Summary. 

1. Ascophanus Aurora is a small, orange, discomycetous fungus 
isolated from sheep pellets and fruiting readily in culture. The spores 
germinate without a period of rest, the apothccia develop as readily in 
darkness as in light, the fungus is monoecious and homolhallic. Mitosis in 
the germinating spore shows two chromosomes, the haploid number. 

2. The sexual organs are formed in groups, several contributing to 
a single fructification. The antheridium is globular, but its basal wall is 
often set some distance down the stalk ; it contains four to ten nuclei. The 
oogonium is distended, like that of Pyrouema^ but is variously twisted or 
bent; it contains eight to twenty nuclei. The unicellular trichogyne is a 
secondary outgrowth and is cut off by a transverse wall. The linear 
dimensions both of the vegetative hyphae and of the sexual apparatus are 
less than half those of P. confitiens. 

3. Continuity is established between the contents of the antheridium 
and trichogyne, the male nuclei pass down the trichogyne to the oogonium 
and fuse in pairs with the female nuclei. During fusion inactive, surplus, 
female nuclei are also seen in the oogonium, 

4. Each oogonium, after fertilization, sends out one to four ascogenous 
hyphae into which the fusion nuclei pass. The nuclei divide showing four 
chromosomes, the diploid number. After the first or second division septa 
are formed across the spindles and the hypha is divided into a row of cells, 
the distal and proximal being uninucleate, with one or more biniicleate 
cells between them. The ascogenous hyphae give rise to asci in the usual 
way. 

5. The nucleus of the ascus is tetraploid, four gemini are seen in the 
meiotic prophase and four chromosomes travel to each pole of the first 
spindle. Four chromosomes are also found in the second division, but two, 
the haploid number, are present throughout the third division. 

Postscript. 

In the Journal of Agricultural Research for June, 1933, a paper appeared 
by Andrus and Harter on Ceratostomella fimbriata which unfortunately 
was seen by us too late for consideration in our discussion. The authors 
describe a coil of uninucleate cells which forms the female branck We are 
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at a loss to understand why they regard one of its outgrowths as antheridial^ 
sincCj by their own account, it is structurally identical with other branches 
of the oogonial stalk and plays no part in development* On equally 
slight grounds they suggest that, after mitosis, a nucleus from the tip of 
the female branch enters the second or oogonial cell and, with the oogonial 
nucleus^ provides paired nuclei for further development. The considerable 
difficulties involved in the investigation of small perithecia have led them 
to the belief that fragmentation of the oogonium occurs. They give no 
details of this process or of nuclear division. 

It is fortunate that Colson’s thorough and convincing study of another 
pyrenomycetous fungus, Neurospo7'a tetrasperma, is now available (see i 
of this volume) giving much needed chromosome counts in a form without 
sexual fusion and with a diploid definitive nucleus in the ascus. Her care- 
ful work on the ascus makes it doubly evident that further investigation is 
required before mycologists can accept Andrus and Harter’s astonishing 
story of the transformation of a nuclear membrane into an ascus wall. It 
is to be hoped that a further study of Ceratostomella will be made with 
appropriate fixing fluids. 
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EXPLANATION OF PLATES VI AND VII. 

Illustrating Professor Dame PI. C. I. Gwynne-Vaughan and Mrs. H. S. Williamson’s paper on 
^ The Cytology and Development of Ascophamis Aurora \ 

PLATE VI. 

(All the figures in this Plate are from uncut material mounted undisturbed in glycerine jelly.) 

Fig. I. Young hyphae showing lateral fusions, x 1,600. 

Fig. 2. Hypha with developing sexual branches. The dichotomously branched filament half 
way down will probably give rise to an antheridium, the others to oogonia, x 1,600. 

Fig. 3. A male branch terminating in an antheridium. x 1,600. 

Fig. 4. Two female branches with developing oogonia, from one of which a trichogyne is being 
put out. X 1,600. 

Fig. 5. Young oogonium with trichogyne and male branch showing antheridium and balancing 
hypha. As the antheridium is hidden behind the oogonium the male branch has been redrawn 
separately in a different focus, x 1,600. 

Fig. 6. Pair of sexual branches just before the union of the trichogyne and antheridium. The 
narrow, proximal part of the oogonium is doubled back on itself, x 1,600. 

Fig. 7. A twisted oogonium, x 1,600. 

Fig. 8. The same oogonium seen in a different focus, so that the stalk is partly hidden and the 
tip of the trichogyne revealed, x 1,600. 

Fig. 9. A spirally coiled oogonium, x 1,600. 

Fig. 10. A twisted oogonium and a balancing hypha from the stalk, x 1,600. 

Fig, II. Pair of sexual branches with antheridium and trichogyne in continuity, x 1,600. 

Fig. 12. Pair of sexual branches, the trichogyne has fused with the region of the antheridium 
which is extended down the stalk, x i ,600. 

Fig. 13. Antheridium and oogonium after fertilization, the antheridium is nearly empty and 
the trichogyne vacuolate, x 1,600. 

Fig. 14. Antheridium and oogonium after fertilization, the stalk of the antheridium is disinte- 
grating. X 1,600. 

Fig. 15. A twisted oogonium after fertilization, the antheridium is still attached to the 
trichogyne, but its stalk has disappeared, x 1,600. 

PLATE VII. 

(All the figures in this plate are from sections.) 

Fig. 16. A very young oogonium, with central vacuoles and large nuclei, x 1,600. 

Fig. 17. A rather older group, showing three oval antheridia and an oogonium before the 
development of the trichogyne. x 1,600. 

Fig. 18. Still older group with two antheridia and three oogonia. Two of the oogonia show 
trichogynes, the third is partly cut away. On the left the trichogyne has made contact with an 
antheridium from the long stalk of which a balancing hypha has been thrown out. x 1,600. 

Fig. 19. Group of three oogonia, two of them are partly cut away. The middle oogonium is 
almost entire and the contents of its trichogyne are in continuity with those of the antheridium to 
which it is attached. Continuity is also shown between the contents of the downwardly directed 
trichogyne of the right hand oogonium and the attached antheridium. x 1,600. 

Fig. 20. Section through an antheridium and oogonium showing passage of male nuclei from 
the former to the latter, x 2,600. 
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Fig» 21. Pairing of nuclei in the oogonium, x 2,600. 

'“Fig. 22. Fusion of nuclei in the oogonium. Six fusing pairs may be seen and six inactive 
nuclei, x 2,600. 

Pig. 23. Two oogonia after fertilization. The trichogynes are vacuolate and they and the 
attached antliericlia show deeply staining granules, x t,6oo. 

Fig* 24, Two oogonia with newly formed ascogenoiis hyphae. The contents of the trichogynes 
and. antheridia are disintegrating and deeply stained, x 1,600. 

Fig. 25. An oogonium and ascogenoiis hypha with nuclei in metaphase or early anaphase. The 
vacuoles in the ascogenous hypha as well as the number of dividing nuclei suggest that this may be 
the second mitosis after fertilization. In the oogonium a couple of inactive nuclei may be seen, 
presumably surplus female nuclei, x 2,600, 

Fig. 26. Oogonium and septate ascogenous hypha with three bimicleate cells and a distal and 
proximal cell containing one nucleus each, x 2,600. 

F'ig. 27. Ascogenous hypha with a terminal, uninucleate cell, a middle, binucleate cell and a 
basal cell containing three nuclei, the lowest wall having failed to form, x 2,600. 

Fig. 28. Early anaphase showing four chromosomes going to each pole in the nuclei of an 
ascogenous hypha. The large size suggests that this an ascus crozier, the tip being cut away. 
X 2,600. 

Fig. 29. Late meiotic prophasc in the definitive nucleus of the ascus showing four gemini. 
X 2,600. 

30* Telophase in the definitive nucleus of the ascus with four chromosomes at each pole. 

X 3,600. 

Fig. 31. Third division in the ascus. The two lowest nuclei are in metaphase, and each shows 
two chromosomes on the spindle, in the uppermost nucleus the daughter chromosomes have just 
separated and two are moving towards each pole, x 2,600. 

Fig. 32. Germinating spore with one of the nuclei in metaphase showing two chromosomes. 
X 2,600. 
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Chemical Studies in the Physiology of Apples. 

XIV. A Method of Estimating Chemical Change and Rate of 
Respiration in Stored Apples. 

EY 

GIRDHARI LALL, Ph.D., D.I.C. 

(Funjad Agyicultural College^ Lyallpur^ India, and Department of Plant Physiology and 
Pathology, Imperial College of Science and Teclmology, London,) 

With three Figures in the Text. 

T he present investigation embodies an attempt to study the rate and 
the character of metabolic change in the senescent phase of the apple, 
ie. after picking. This phase is prolonged and passes through various 
stages at a slow rate. Previous investigators have worked either on 
chemical changes during storage or on the respiratory activity of the apple, 
but it is obviously desirable that these two aspects of the respiration 
problem should be combined. 

The present paper deals with a method of observing the losses of 
various chemical constituents and the accompanying rate of carbon dioxide 
output in halves of the same apple. Some interesting correlations have 
thus been brought to light, but the method evidently needs improvement 
before it can be applied with success to individual apples or vety small 
samples. It can, however, be used to compare samples of far smaller size 
than those composed of whole apples, and on this account it has seemed 
useful to give some detailed account of the series of experiments under- 
taken and of the results obtained. 

It is difficult to draw conclusions from the earlier investigations of 
chemical change in apples since the difficulty of obtaining comparable 
samples and the necessity for a statistical measure of the sampling error 
involved was not appreciated. A number of later analyses have been 
published, many of them in the series of papers published under the general 
heading shown above ; these include a number of bibliographies which deal 
fairly completely with the chemical analysis of the apple and make it 
unnecessary to recapitulate work which has been carried out in this field. 

jAEnals of Bota»y, Vol. XL VIII No. CtXXXIXi January, 1934.3 
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The respiration of apples has been studied in recent years by F. R Black- 
man (5), Kidd and West (14), and Thomas (17, 18). Blackman, after 
studying the course of respiration of apples in air and in different 
mixtures of gas, put forward a scheme of respiration and suggested that it 
should be possible to reach a final decision upon the problems involved by 
combining carbohydrate analyses with direct respiration estimations. It is 
hoped that the present paper may contribute to this end. 

Experimental. 

Worcester Pearmain and Bramley Seedling apples, varieties markedly 
different both in their acid content, and in the character of their skins were 
selected as a material for the investigation. The apples, immediately after 
picking, were wrapped in oiled paper and stored at C., and were taken 
out at intervals for the experiments described below. 

The investigation of Worcester Pearmain and Eramley^s Seedling 
apples was begun in the months of December and March, 1930, respectively. 
These varieties could not be analysed simultaneously owing to the limited 
number of respiratory chambers and the work involved in collecting the 
respiration and chemical data. The two varieties may therefore have been 
at somewhat different stages of senescence. 

Methods of Analysis. 

One half of each apple was peeled, cored, and the pulp cut finely 
by hand, and carefully mixed. This was used for the chemical analyses 
which consisted of the following estimations which were carried out by 
methods already described ( 1 , 2 , 3 , 4 , 10 ): 

I. Dry weight, 

2^. Sugars; Total sugar. 

Reducing sugar. 

Sucrose by difference. 

Fructose. 

Glucose. 

3. Acid, 

4. Total nitrogen content. 

5. Alcohol-insoluble residue. 

Dry weight was determined on 10 grm. of apple and the dried material 
was afterwards used for the determination of total nitrogen by a micro- 
Kjeldahl estimation. For the determination of sugars and acids quantities 
from 15 to 0,0 grm. were extracted with alcohol. The alcohol was evapo- 
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rated off and the solution was made up to 200 c.c. with water* Half this 
quantity was nearly neutralized, cleared with basic lead acetate and deleaded 
with sodium phosphate (10) ; toluene was then added and the sugars were 
estimated in this solution which kept unchanged for months. Acids were 
estimated in the uncleared portion of the solution immediately after its 
dilution. A yellow colour of varying intensity appeared in the cleared 
solutions on standing. 

It is to be observed that in the results published by Evans (8), fructose 
and glucose values do not add up to the amounts of reducing sugar esti- 
mated. This is due to the use of the values given by Lane and Eynon for 
the reduction of Fehling’s solution by invert sugar. Since the fructose- 
glucose ratio in apples is usually at least 3:1a small error is introduced by 
this procedure. To reduce this error a graph was prepared giving the 
values for solutions containing fructose and glucose in this ratio. The 
error due to variation of the ratio will then be small. The sums of the 
values for fructose and glucose have therefore been taken as the correct 
value for reducing sugar and these are given in the tables. The amounts 
of total sugar estimated have been corrected proportionally. 

Respiration. 

Description of apparatus. The respiratory activity of half-apples was 
determined at 12° C. The apparatus used consisted of twenty-one glass 
specimen jars fitted with ground glass stoppers and of about one litre 
capacity (R, Fig. 1). These were used as respiration chambers. Two holes 
were bored in the jars, one for the inlet and the other for the outlet of the 
air current. The jars were placed inside a chamber maintained at a tem- 
perature of 12° C. The air in the chambers was maintained at a constant 
humidity of about 80 per cent. 

A diagrammatic sketch of the apparatus is given in Fig. i. The air 
entered the apparatus through two gas washing bottles W, containing 
40 per cent sodium hydroxide solution and through two calcium chloride 
towers C, before passing through the soda lime tower T. The dry air then 
entered a coil of ' compo * tubing D placed in the chamber to ensure con- 
stant temperature. After purification the humidity was regulated by 
passing the air through washing bottles containing distilled water, and 
<^2, containing saturated sodium chloride solution with excess of salt. The 
humid air then entered a bubbler ^3, which acted as a trap for moisture 
condensing in the tube leading to the system of parallel brass tubes con- 
nected with the respiratory chambers R, and thence to a series of glass 
tubes which are connected with the absorption bubblers B (consisting of a 
cylindrical vessel containing a loose glass spiral resting on the mouth of 
the inlet tube 0 and in which the carbon dioxide from the respiratidh 
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chambers was absorbed) by pieces of pressure tubing having a capillary 
tube (r) between them. This device combined with a screw clip S,^, as 
shown in the diagram, was found to be very satisfactory for regulating the 



Fig. I. Diagrammatic sketch of the apparatus used for the respiration of half-apples. 


passage of air current through the apparatus. The screw clip Sg was used 
for final adjustment of the air current. 

The air was finally drawn through a small bubbler containing 
N/io Ba(OH)2 solution to test the complete absorption of carbon dioxide in 
bubbler B. M represents the regulator attached to the pump. 

40 to 50 c.c. of N/a sodium hydroxide were used as the absorbent 
liquid in each bubbler. This consisted of a sodium hydroxide solution 
prepared from a saturated solution which had been kept for two or three 
weeksj to allow the carbonate to settle. N/!^ soda thus obtained was found 
to be free from carbonate. 

After absorption, the contents of the bubbler were transferred to a 
^50 cx. graduated flask and rinsed free of soda with carbon dioxide free 
water. About 5 cx. N/i BaCl2 were added to precipitate the carbonate, 
the solution was then made up to 250 cx. with CO2 free water and allowed 
to settle overnight From this solution two 100 cx. portions of the super- 
natant liquid were siphoned off.. To avoid increase in the bulk of the 
titration liquid 50 cx. of N/io hydrochloric were added from an automatic 
pipette and the end point was determined by Y\\%o hydrochloric acid, 
using two drops of o-% per cent, phenolphthalein as indicator. The dupli- 
cate titration agreed within one to two drops of N/izo hydrochloric acid. 

Technique of carbon dioxide measurements. In all the apparatus where 
rubber tube was used care was taken to have the ends of the glass tubes 
come in contact at the joints, because of the well-known fact that rubber 
absorbs carbon dioxide selectively. 
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Each half-apple (a, Fig, i) Was embedded in wax in a Petri dish which 
rested on a glass triangle G In a respiration chamber during the experiment. 
The ground stoppers of the respiration chambers, well lubricated with 
vaseline, readily gave an air-tight joint, being forced well into place by the 
negative pressure used in the experiment. Before ’ starting each experi- 
ment, the whole of the apparatus was tested during three days and the 
joints were always found air-tight. Air was passed through the chambers 
containing the half-apples for twenty-four hours, after which absorptions of 
carbon dioxide were begun. The air current was drawn through the 
chambers (21 in number) at a rate of or 30 litres per hour. An absorp- 
tion bubbler was connected to an empty control respiration chamber during 
each period of absorption, and the carbon dioxide absorbed was calculated 
from the difference between the control and the experimental titration 
value. 


Technique of the Half-apple Method. 

Method of ctiiting a 7 id embedding in wax. Preliminary experiments 
concerning the half-apples were carried out by Dr. Janet Brown in this 
laboratory. She showed that the difference both in acidity and specific 
gravity between the halves is very small. It is least when the apple is cut 
longitudinally, i.e. through calyx and stalk, but even when the apple is cut 
transversely, the mean difference between halves is very much less than the 
difference between the means of small samples. Evans (8) used this method 
for storage experiments on a set of Bramley's Seedling apples and found 
that it worked satisfactorily at 2° C. 

The whole technique of the method has since been improved. As the 
experiments described later were carried out at high temperatures of 
and 1 5° C., special care was exercised in cutting and waxing the halves 
under as sterile conditions as possible to avoid fungal attacks at the cut 
surface. 

The apple was weighed, wiped with cotton wool dipped in alcohol and 
cut longitudinally through calyx and stalk with a sharp knife dipped in 
alcohol and flamed. As far as possible the halves were so cut as to give 
equal distribution of the area of deeper skin colour between the two. 
Paraffin wax, of melting point 50° C, was heated at 120'^ C. in a tin, cooled 
and kept melted in a water bath for one hour before use, and then poured 
while hot into Petri dishes. One half of the apple was embedded in the 
wax immediately after cutting, its cut surface being kept downwards during 
manipulation to avoid contamination from the atmosphere. The other 
half was weighed in a covered glass dish, a separate dish being used for 
each half. In the earlier stage of the investigation a common weighing 
dish was used, but the chance of fungal attack was much reduced by 
weighing each half in a separate sterilized dish., The half. w,as^ 
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to such a depth as to cover the stalk aPd calyx completely in paraffin. 
The weight of the embedded half-apple was determined by the difference 
between the weight of the whole apple and the weight of the other half. 



Fig. 2. CuTves showing the respiration at 12"^ C. of two Bramley's Seedling apples before and 

after cutting. 


Wound Effects and the Respiration of Halff apples. 

Bohm (7) called attention to a considerable increase in the amount of 
carbon dioxide produced by potatoes by cutting in various ways. Stich (16) 
continued researches in this connexion and published a more extended 
account of this phenomenon in the same and other plants. Richards (15) 
investigated this phenomenon in various plant tissues and stated that this 
increased activity of respiration after reaching, usually within two days, a 
maximum, falls gradually, as the wound heals over, to a normal or to an 
almost normal rate. Wound effects on the respiratory activity in apples 
have been studied by Magness and others ( 11 ) and a temporary increase in 
the respiratory activity due to different forms of injury has been observed. 
It was therefore found necessary to determine the length of period over 
which the temporary increase in respiration lasted under the conditions of 
the present investigation, so that errors in the carbon dioxide measure- 
ments due to the temporary increase of respiratory intensity could be 
avoided by delaying the observations till the normal rate was resumed. 
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The curves of Fig. 2 give the course of respiration at 12° C» of two 
Bramley's Seedling apples before and after cutting. The first part of the 
curves representing the whole apples No. i and 2 indicates their respiratory 
activity over a period of eight days (192 hours). It is seen that the respira- 
tion of these apples gradually declines. After eight days^ both the apples 
were cut and embedded in wax^ and their respiratory activities were again 
determined. The respiration curves of the cut apples are shown by the 
second half of each curve. It is evident that after cutting the respiratory 
activity of the apples has markedly increased, but when examined after 
a period of about seven days the curve is seen to be falling. 

In Table I is given a detailed comparison of the chemical composition 
of the companion halves of apples of the Worcester Pearmain variety from 
Canterbury. These experiments have been followed by a second set of 
analyses (Table II) of Worcester Pearmain apples from Malvern, i.e. 
belonging to another population. In these apples the carbon dioxide out- 
put of the corresponding halves was measured. The rates of respiration of 
the various pairs of halves are shown graphically in Fig. 3. 

Table L 

Comparison of the Composition of Halves of Single Apples immediately 
after Cutting. All Data calctdated on 100 grin. Fresh Weight. 


Worcester Pearmain (Canterbury). 


Apple, 

Dry 

weight. 

Total 

sugar. 

Reducing 

sugar. 

Sucrose, 

Fructose. 

Glucose. 

I A 

i 6-43 

12*40 

S-93 

3*47 

7*12 

i-8i 

I B 

15-36 

11*90 

8-6o 

3*30 

6-88 

172 

2 A 

15-24 

11*82 

7-88 

3*94 

6-24 

1-64 

2 B 

15-91 

12*33 

7-91 

4*42 

6-39 

1*52 

3 A 

16*84 

13*46 

8*68 

4-78 

7-08 

i-6o 

3 B 

17*40 

13*86 

9*35 

4-51 

7-68 

1-67 

4 A 

16*40 

12*07 

8-53 

3*54 

6-36 

2*17 

4B 

15-83 

11*42 

7-93 

3*49 

6-20 

173 

5 A 

14-72 

11*20 

8*29 ' 

2-91 

6*68 

i-6s 

SB 

X4'35 

10-99 

8-i8 

2*81 

6‘6o 

1*58 

6 A 

15*07 

11*40 

8-31 

3*09 

6-68 

1*63 

6 B 

15*25 

11*84 

8*45 

3-39 

6*76 

1-69 

7 A 

15*20 

11-24 

8-78 

2*46 

6-44 

2*34 

7B 

15-55 

11-41 

8-52 

2*89 

6.48 

2*04 


It was found by examination of the half-apples that Nos. IVa, Va, 
VIII A, and IX B were attacked by fungi, and the graph shows that the 
respiratory activity of these halves increased. This observation is in 
accordance with those of other workers. It is well known that carbon 
dioxide output of a diseased apple rises rapidly with the progress of the 
fungal invasion. No appreciable variation in the respiratory activity: 
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halves of apples Nos. I, 11, VI, and X is noticeable. The halves of apples 
Nos, III, IV (A attacked by fungus about the sixth day of the experiment), 
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Fig. 3. Time-respiration curves of corresponding halves of ten apples over a period of 
twelve days at 1 3° C. A and B halves shown separately. 

VII, IX (b attacked by fungus about the eighth day of the experiment), 
show slight differences in their initial respiratory rates. In A of apple VIII, 
fungal attack was observed at the end of the experiment. It is probable 
that fungal attack had begun in the core at the start. 
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Table II. 

Half-apples. Analytical Data and Total Respiratory Loss during 12 Days 
at 12° C. (grin, per 100 grin. Fresh Weight). 


Worcester Pearmain (Malvern). November, 1930. 


Apple. 

Nitrogen. 

Dry 

weight. 

Acid 

as 

malic. 

Total 

sugar. 

Reducing 

sugar. 

Sucrose. Fructose. 

Glucose. 

Carbon 

dioxide 

loss 

I A 

0-0279 

1576 

0-184 

11-63 

9.94 

1-69 

7*60 

2*34 

0-559 

I B 

0-0317 

15-17 

0-179 

11-32 

9-64 

1-68 

7*09 

2-55 

0*562 

2 A 

0*0252 

15.06 

0-238 

11*44 

9-18 

2*26 

7*13 

2*05 

0-501 

2 B 

0-0251 

14-58 

0-238 

11*69 

9-41 

2*28 

7*40 

2-01 

0*503 

6 A 

0*0226 

14-80 

0-245 

11-23 

9-95 

1*28 

6-97 

2-98 

0476 

6 B 

0-0285 

15-46 

0-240 

11-68 

10-39 

1*39 

7-04 

3*35 

0-503 

7 A 

0-0279 

13-27 

0.238 

9-85 

8-74 

i-ii 

6-88 

1-86 

0*528 

7B 

0-0285 

14-21 

0-233 

10.78 

9.26 

1-52 

7*20 

2-o6 

0*504 

10 A 

0-0237 

17-38 

0-364 

12-98 

10.47 

2-51 

7.77 

2-70 

0*511 

10 B 

0-0240 

16-23 

0-358 

12*45 

10*27 

2-i8 

7*57 

2-70 

0*521 


Similarity of Halves of Individual Apples, 

Chemical composition. The results of the analysis of Worcester Pear- 
main apples from Canterbury and Malvern given in Tables I and II show 
that the individual apples of the same variety exhibit considerable differ- 
ences in their chemical composition, but that the variation between the 
halves of the same apple is a little smaller. 


Table III. 

A Comparison of the Differences of S^igar Contcfit between Halves of the 
same Apple and the Deviations from the Mean of the Sugar Contents 
of the same Apples. 


Worcester Pearmains. 

Worcester Pearmains. 

(Canterbury). 

(Malvern). 

Difference of 

Deviation from 

Difference of 

Deviation from 

halves. 

mean. 

halves. 

mean. 

0*50 

0-30 

0*31 

0-03 

0*51 

0*13 

0*25 

0*06 

0-40 

1*17 

0-45 

0-05 

0*65 

0-21 

0*93 

1-19 

0-21 

0*85 

0*53 

1*21 

0-44 

0*33 



0*17 

0*63 



Mean 0*411 

0*580 

0*494 

0*508 


Some idea of the variation between different halves and that between 
individual apples may be obtained from Table III in which the differences 
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of the sugar content of two halves is compared with the deviation of each 
applcj take 7 i as a whole, from the mean of the sample. It is noticeable 
that in the second set the mean of the differences is almost exactly equal 
to that of the deviations. In the first set the differences between halves 
are smaller, but not so small as was to be expected from other experiments 
which have been carried out upon half-apples. This is probably to be 
attributed to the method of cutting through the middle of the region of 
maximum coloration. It suggests that the orientation of the apple on 
the tree plays a part in determining the distribution of sugar, and this 
hypothesis is supported by the fact that the range of values obtained for 
differences is very small as compared with those given by deviations. It 
has not been possible to test other methods of cutting Worcester Pearmains 
during the present series of experiments, but the close agreement of the 
individual differences between the halves supports the assumption of some 
definite cause of difference and also justifies the use of the mean difference, 
where positive and negative differences are fairly equally divided as 
representative of the sugar content of the sample. These conclusions must, 
however, be regarded as tentative, and they await further confirmation. 


‘ Grouping^ of the Half apples. 

Since, in the experiments described in the sequel, the mean respiratory 
values of one set of halves was to be compared with the mean value of the 
second set of halves after the lapse of the time allowed for respiration, the 
slight variations in the respiratory activity of the halves of an apple observed 
above suggested that the two sets of half-apples employed for an experi- 
ment should be grouped according to their initial respiratory rate, each set 
being arranged so that it contained an equal number of higher and lower 
respiring halves. This arrangement broke down owing to fungal attack, 
but it is not to be recommended since, as will appear from the tables, rate 
of respiration and total sugar show little or no correlation. 


Comparison of Chemical Composition, Chemical Change and Rate of 

Respiration. 

Nine^ Worcester Pearmain apples and nine Bramley's Seedlings from 
orchards near Biirwell were cut into halves and embedded in wax ; all the 
halves were kept at 1 2° C. for about two weeks to resume their normal 
respiration after wounding. One half of each apple was then analysed 
(Tables IV and V) and the carbon dioxide output (Tables VI and VII) of 
the other half of each apple in the two varieties was determined separately 

^ Analysis of only seven balm in each sample conld be completed owing to fungal attack, 5 ec, 
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over a period of six weeks at 12° C. At the end of this period the second 
halves were analysed individually (Tables IV and V). 

At the same time as the above experiment with Bramley's Seedling 
(Burwell) apples was carried out, a mixed sample of one set of halves of the 
same variety from Canterbury was analysed (Table VIII). The respiratory 
activity of the corresponding halves was then determined, and these were 
analysed as a mixed sample after the respiration was concluded. 


Respiratory Activity and the Chemical Composition of the 
Substrate in the Apple. 

From the data of Tables IV-VIII respiration values were plotted 
against the concentration of difTerent chemical constituents of the same 
halves, but no definite correlation could be obtained between the respiration 
and the chemical composition of the tissue, except that high nitrogen 
content seemed to be associated with high respiration rate. Kidd, West, 
and Archbold ( 14 , year 1924) showed that the respiratory activity of 
a series of individual Bramley’s Seedling apples was in general accom- 
panied by a high nitrogen content. Thus the results presented confirm 
the observations of these workers. 

Comparison of Chemical and Respiratory Losses. 

The analytical results of Tables IV and V show that no correlation 
between the chemical losses and the corresponding respiration can be 
established for individual apples by the above described methods ; more- 
over the variation in the amount of total sugar oxidized in each case is not 
of the same order of magnitude as the variation in the amount of carbon 
dioxide produced. These discrepancies may be largely attributed to 
differences in the chemical composition of the halves of each apple at the 
time of bisection since the positive or negative difference between the 
halves is included in the apparent loss of sugar and acid, and this is com- 
pared with the carbon dioxide output of a single half. Discrepancies of 
this nature should cancel out in the mean if the sample of apples is suffi- 
ciently large, but in the present instance it cannot be assumed that the 
errors vanish in the mean. The equivalence of the mean losses of sugar 
and acid and of carbon dioxide is therefore compared in the first instance 
by calculating the carbon content of each quantity as estimated. Table IX 
gives the mean losses of total sugar and acid taken from Tables IV and V 
together with the. corresponding losses of carbon dioxide ; similar data are 
also taken from Table VIII. All values are expressed as percentages of the 
fresh weight of the apple and in terms of carbon content. From the data 
of Table X the significance of the results can be tested. 
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Table V. 

Chemical and Respiratory Data of Bramlefs Seedlings {Bnrwelt). 
First analysis of half-appies calculated as grm. per loo grm. fresh weight of apple. 
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It is seen from the above results that in the Worcester Pearixiains 
about 8 per cent, of the sugar and acid lost appears not to be accounted for 
as carbon dioxide, while in both sets of Bramley s Seedling the excess of 
sugar and acid mounts to about 50 per cent. The difference of behaviour 
between the samples of two varieties of apple is therefore remarkable 
whether it be ascribed to difference of variety or to difference in degree of 
senescence, but as has been already pointed out it cannot be accepted as 
established without further evidence on account of the small number of 
apples submitted to experiment. There is, however, considerable proba- 
bility that the metabolism of the samples of Bramley’s Seedling differs 
from that of the Worcester Pearmain sample. It should also be noticed 
that the loss of dry weight in both sets of apples agrees very closely with 
that of sugar and acid. It is clear, therefore, that carbon dioxide produced 
by the oxidation of sugar is not resynthesized in the apple to any non- 
volatile product. 

It is customary to estimate the probability that a difference found by 
experiment may be due to chance variation by the use of ‘ Student^s ^ 
method as modified by Fisher ( 9 ), and Table X has been calculated for 
this purpose. It shows the ratios of sugar and acid lost to carbon dioxide 
produced, again in terms of carbon content, for the pairs of half-apples and 
also the difference of these ratios from unity with the standard deviations 
of these mean differences. The table makes clear at a glance that the 
mean difference from unity of the ratios is large and statistically significant 
for the Bramley’s Seedlings, but is small and non-significant for the 
Worcester Pearmains. If the variance were small this test would afford 
sufficient evidence that the Worcester Pearmains oxidized most of the 
sugar lost in respiration to carbon dioxide, and that this is not true of 
the Bramley’s Seedlings ; but the variance, especially in the Worcester set, 
is very large, and the close approximation to unity of the mean ratio 
obtained for this latter set of apples cannot therefore be regarded, without 
further evidence, as chai'acteristic of the sample. Further support is, how- 
ever, to be found in the fact that four out of seven ratios are less than 
ilhity. This can be accounted for by differences in the sugar content of 
corresponding half-apples, and it is not easy to account for the discrepancy 
in any other way since the apple contains little material but sugar available 
for respiration. The remaining three ratios which are greater than unity 
are presumably affected by differences of sugar content of opposite sign. 
On this hypothesis halves of high and low sugar content belonging to the 
Worcester Pearmain variety were divided as equally as possible between 
the sets first and last analysed, which is, of course, the distribution of 
maximum probability. This interpretation of the results is confirmed by 
the analyses shown in Tables I and II which give the sugar content of 
halves analysed at one time — the halves were found to exhibit differences 
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of the same order as those accounted for as sugar in the sample re*» 
spired.^ 


Table X. 


Ratio of Sugar and Acid Lost to Ca7^bon Dioxide Lost {in Terms of 
Carbon Content) and the Difference of this Ratio from Unity (see 
Tables IV and V). 


Apple. 

Ratio. 

Difference of ratio 
from unity. 

Ratio. 

Difference of ratio 
from unity. 


Bramley’s Seedling. 

Worcester Pearmain. 

1. 

1*51 

+ 0*51 

1*88 

4-0*88 

2, 

1*27 

+ 0*27 

0*6 1 

-0-39 

3- 

2*6i 

+ i*6i 

0*51 

-0*49 

4- 

2*04 

-f 1-04 

1-26 

4- 0*26 

5- 

2*32 

+ 1*32 

2*36 

4- 1*36 

6. 

2*29 

4-1*29 

0-34 

-0*66 

7. 

2-03 

4- 1*02 

o*8o 

— 0*20 

Mean difference with S.E. + 1-051+0*1739 


4-0*109 + 0*2428 


Conclusion. 

It must be emphasized that the experiments described are primarily 
a study of method and that time and circumstance did not permit a com- 
plete series of results to be obtained. The method is obviously capable of 
extension and improvement : large samples of half-apples should show the 
relationship between loss of sugar and output of carbon dioxide with 
considerable accuracy. It is hoped that improvements in the method may 
enable the correlation of these quantities to be studied in relation to the 
individual apple. It should thus be possible to obtain a more complete 
picture of the two principal aspects of the progress of senescence in the 
apple — those relating to chemical change and respiratory phenomena 
respectively — than has been hitherto afforded by experiments on whole 
apples. 

The results obtained by experiments on small samples of Worcester 
Pearmain and Bramley's Seedling apples suggest a definite difference in 
the metabolism of these two varieties which, however, requires confirmation. 
There is, however, a considerable probability that in a majority of the 
Worcester apples investigated the sugar lost underwent a more or less 
complete oxidation to carbon dioxide. If this be established it will con- 
stitute an unusual and interesting phenomenon of respiration which may 
be characteristic of all apples in the earlier stages of senescence or may be 
the consequence of properties peculiar to apples of the Worcester Pearmain 

^ The experiment on Worcester Pearmain apples described above has again been carried oat ip 
this laboratory. Almost exactly the same value was obtained for the mean ratio and the distnbntibh 
of the ratios above and below unity was similar. The variance was not so great, 

TT , - - ' ' /' ' 
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type* The evidence for incomplete oxidation in the samples of Biaiiiley s 
Seedling is convincing ; this more ordinary type of respiration may be 
a consequence of the later date at which the samples of this variety were 
respired. The observations indicate that some products other than carbon 
dioxide must result from the oxidation of sugar. Alcohol and aldehyde 
have been detected among the products of respiration of apples in atmo- 
spheres which contain excess of carbon dioxide (17, 18), and it would seem 
not improbable that the waxy coating of Bramley’s Seedling apples may 
affect the course of respiration of these apples. A recent paper by Markley 
and Sando (12) is of interest in this connexion. These investigators showed 
that the waxy coating of a number of apple varieties tended to increase 
during storage. In this case some part of the sugar lost must in all proba- 
bility be accounted for as wax, and increase of wax with its attendant 
blocking of the ienticel may well play a further part, since the supply of 
oxygen will be curtailed and changes in the character of respiration result. 
These considerations are indications of a number of unsolved problems of 
apple metabolism, the solution of which would be greatly facilitated by 
a knowledge of the relation of sugar consumption to carbon dioxide pro- 
duction throughout the period of senescence. It is hoped that the experi- 
ments described will contribute to this end. 


Summary. 

A comparison has been undertaken of the respiration losses of apples 
and of the changes in chemical composition of apples, the half-apple 
method being employed, 

A detailed study of the ^ half-apple method ’ showed that the differences 
in the composition of the corresponding halves is somewhat smaller than 
the difference of individual apples. Only a very small variation in the 
respiratory activity of the corresponding halves of an apple was observed. 

Cutting of the apples produced an increase in rate of respiration. It 
Was shown that the increase of rate disappeared in about seven days at 
ia°C. Estimations of the output of carbon dioxide were therefore not 
undertaken until ten to fourteen days after halving the apples. 

A study of the chemical changes and the rate of respiration at i ol C. 
was caiTied out over a period of six weeks for apples of the Worcester 
Pearmain and Bramley's Seedling varieties obtained from the same locality. 
These varieties differ in the character of the skin, the rate of respiration, 
and the initial content of acid. 

The variance in the ratio of sugar plus acid lost to carbon dioxide 
produced was large, especially for Worcester Pearmains, and the samples 
of apples were small. The large difference in the values of the mean ratio 
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obtained for the two varieties cannot therefore be regarded as completely 
established. It is probable, however, that in the Worcester set the loss of 
sugar plus acid was nearly equivalent to the loss of carbon dioxide, while 
in the Bramleys some considerable part of the chemical losses was not 
accounted for. 

It is shown that no non-voiatile products were synthesized from 
carbon dioxide during the respiration of the latter set of apples, but that it 
is probable that volatile compounds such as alcohol, aldehydes, and esters 
are given off. 

It is suggested that the different type of respiration which appears 
to be characteristic of the Bramley’s Seedlings may be due to the waxy 
coating of the skin and that accumulation of wax may account for some 
part of the sugar which disappears in the process of respiration. A similar 
lack of agreement between respiratory and chemical losses was observed in 
a sample of Bramley^s Seedling from a second locality. 

The writer wishes to thank Professor V. H. Blackman and Dr. D. 
Haynes for their kind help and criticism, and also Dr. H. K. Archbold. 
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Studies in the Suction Pressure of Plant Cells. II 


BY 

ELIZABETH C. M. ERNEST, Ph.D., D.I.C. 

{Departnmit of Physiology and Patholo^^ Imperial College of Science and Technology ^ Londonl) 
With one Figure in the Text. 

The measuremen t of suction pressure. 

AS has been shown earlier (1), no two cells in any row lying between the 
water-supplying tracts and the surface of the plant from which water 
is lost can have the same suction pressure, but there must be a gradually 
increasing suction pressure as we pass from cell to cell towards the surface. 
Therefore the removal of cells from a plant immediately brings about 
a change in suction pressure in these cells, and the suction pressure of any 
cell in an isolated fragment of tissues depends in part on its original suction 
pressure, in part on the suction pressure of all the cells isolated with it. 

The necessity of avoiding injury ( 1 ) to any cells in obtaining material 
for suction pressure measurements limits the choice of material usually to 
the outer layers of tissue. The epidermis cannot usually be used for 
suction pressure measurements because the walls of the epidermis are 
usually not extensible to any marked extent, which makes such ceils difB- 
cult or impossible of employment. In many plants, however, as has already 
been described (p. 720), the epidermis can be torn away from the leaf in 
such a way that one row of mesophyll cells, with extensible walls, remains 
attached to it. Such strips may be isolated from an intact plant and 
plunged straight into paraffin. Alternatively an organ of the plant may 
be isolated and, after allowing time sufficient to cause the natural water 
gradients in the part to disappear, a suitable strip may then be isolated. 

The value of the equilibrium suction pressure of the epidermis and the 
first stratum of mesophyll cells ^ or that of the equilibrium suction pressure 
of all the cells of the leaf ox other organ, can thus be obtained. 

Paraffin has no effect on the suction pressure of isolated superficial 
tissues which have been employed, as far as can be determined : there is 
no change in suction pressure with length of immersion from the first 
three minutes up to eight or ten hours, although the possibility of some 
instantaneous effect of immersion in paraffin remains. The observations 
necessary for the measurement of any cell necessitate the preparation 

[Annals of Botany, Vol.XLVin. No. CLXXXIX. January, 1934,] ■ 
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remaining at least three minutes la paraffin, so that any change occurring 
during this time would be missed* Some increase in suction pressure was 
found to occur when a piece of a leaf was immersed in paraffin, before strips 
of tissue were torn from it, as will be shown below. 

Farafin time factor. 

A piece of an Iris leaf %o cm. long and about 1-5 cm. broad was 
placed in a saturated atmosphere for ten minutes to allow the natural 
water gradients to disappear. A small piece of the superficial tissues was 
then taken for a suction pressure estimation, and the remainder cut into 
I cm, lengths and immersed in paraffin. These pieces remained in paraffin 
on the bench, exposed to daylight. Tissue strips were taken at intervals 
from these larger pieces, and the suction pressure determined with the 
results given below. 


Table L 

Iris Leaf. Suction Pressure of Mesophyll Cells of Leaf during 
Immersion in Paraffin. 

Time of immersion Suction pressure, 

of leaf. M cane sugar. 

2. 10. 31. 

minutes. 

p.m, 2.4s 
2*47 
3.50 
2.58 
3*XS 
4.02 
545 
7-15 
S.25 

3*10.31. 

a.m, 10.00 
n.30 

12,00 
p.m. 1.35 
2.15 

4.00 
5*30 

6.00 
9-15 

4*10.31. , 

a.m. 9.00 0*39 

p.m. 12.30 0*39 

2ii5 . Cells dying 

, ^ 

An initial rise in suction pressure is observed which is completed in 
five minutes, and the value then remains constant for some hours. 

This effect of the paraffin must be borne in mind when the equilibrium 


0 

>0*39 <o-4o 

2 

>0*39 <0-40 

5 

0-41 

13 

0*41 

30 

0*41 

77 

0.41 

180 

0-41 

260 

>0*40 <0*41 

330 

0*39 

>0*40 <0*41 
0*41 

0‘4i 

0*41 

0*41 

0*41 

0*41 

0*41 

>0*39 <0*40 
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suction pressure of all the cells of the entire leaf or other organ is to be 
measured by the cell method. The natural water gradient must be allowed 
to disappear by leaving the material for a few minutes in a saturated atmo- 
sphere, not by immersion in paraffin before the strips are taken. The time 
necessary for the cells to attain this equilibrium can be easily found by 
experiment ; in the case Q,ilri$ the suction pressure of the surface mesophyll 
cells fell to a constant value in the first five minutes after detachment of 
the leaf. 

The method m detail. 

Strips of cells were isolated and immersed in paraffin and cut into 
small pieces a few millimetres long with a sharp scalpel It is found that 
by cutting these pieces wedge-shaped and working with a cell group 
towards the tapering end it is quite easy to find the same group of cells 
again after changing the mounting fluid ; without this or a similar pre- 
caution such recognition can be unexpectedly difficult. 

The wedge-shaped pieces of tissue are mounted in paraffin. By using 
a perfectly clean slide and coverslip, and adjusting the amount of paraffin, 
the need for any other support for the coverslip can be eliminated. The 
drop of paraffin should be of such a size that it is the largest amount that 
can be held between the two glass surfaces ; any excess will cause the pre- 
paration to slip. With practice one can obtain the mean between the 
insufficient amount of paraffin which flattens the material and so increases 
the areas of the cells, and the excess which is troublesome to deal with, 
though it does not affect the apparent cell size. 

A group of cells in the preparation is selected and their outlines drawn 
under the camera lucida. The preparation is then removed from the 
microscope and the cover-glass lifted. The paraffin is removed from the 
slide with filter paper and replaced by a sugar solution. The paraffin is 
fairly easily displaced by the sugar solution. Any paraffin left does not 
seem to hinder the removal of water from the cells by the sugar solution 
but, unless it is entirely removed from the group of cells being studied, the 
paraffin in the presence of the sugar makes it difficult to see clearly the 
outlines of the cells. The preparation is again put under the microscope, 
the tissue adjusted to the same position as before, and the new area of the 
cells compared with the camera lucida drawing. It has been found that to 
make a second drawing and compare the areas as measured by a plani- 
meter is unnecessary, and this considerably reduces the work of each 
estimation. 

This procedure is repeated with fresh pieces of tissue until the solution 
is found in which there is no change in size, or the two solutions in the one 
of which the cells just increase and in the other just decrease. 

I have used volume-normal sugar solutions made up in distilled W^ter 
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and diluted in steps of o-coi M. Slight fungal infection was found to make 
no appreciable difference to the osmotic pressure of the solutions, and they 
were therefore kept in a refrigerator at 5^^ C. when not in use and brought 
to room temperature before application to the cells, being made up freshly 
only every three or four weeks unless badly infected before that time. The 
osmotic pressures of volume-normal cane sugar solutions are given by 
Ursprung and Blum (2). 

It is quite customary to obtain a significant expansion and contraction 
respectively of the cells in solutions differing only by o-ooi M (Table II), 
The time necessary for change in size I have found to depend very con- 
siderably on the time of year, and probably therefore on the temperature 
as a determining factor. During the winter, when the room temperature 
was in the neighbourhood of 10 ° C., the preparation would often give no 
clear response in less than an hour, but this could be hastened by warming. 
In the summer^ with a room temperature of C. or more, the response 
was almost immediate, as is shown in the following table. 


Table IL 

Iris germanica. Change in Area of Mesophyll Cells after Ten Mmutes in- 
Sugar Solution having an Osmotic Pressure very similar to the 
Suction Pressure, Suction Pressure 0*420 M. Room Temperature 28° C. 

P Area (arbitrary units). Increase 

Paraffin. Sugar. (%). 


Hypotonic sugar solution of 0*419 M. 


I 

238 

253 

6 

2 

171: 

185 

8 

3 

163 

182 

9 

4 

244 

257 

5 

5 

138 

149 

8 

6 

244 

265 

9 

7 

239 

253 

5 

8 

245 

245 

0 

9 

211 

221 

5 

10 

156 

167 

8 


Hypertonic sugar solution of 0*421 M. 


I 

118 

no 

7 

2 

190 

172 

9 

3 

177 

170 

4 

4 

203 

194 

3 

5 

257 

236 

8 

6 

208 

201 

3 

7 

161 

157 

2 

8 

199 

188 

5 

9 

m 

163 

5 

10 

282 

282 

. 4 


A change in size of this order is easily observed in these cells. 



Ernest, — Studies in the Suction Pressure of Plant Cells, IL 297 

The gradient of suction pressure in the leaf. 

The following tests indicate that the suction pressure of the surface 
mesophyll of an Pis leaf in the intact leaf Is higher than that of the 
internal tissue. This gradient is in the reverse direction to that found by 
the method of sectioning (1) and, as is to be expected, is in the direction of 
water movement. The suction pressure of the outermost mesophyll cells 
of tissue removed with the epidermis from an attached leaf by tearing, 
as already described, was measured. The leaf was then removed and 
cut into two lengths which were placed in a saturated atmosphere. The 
suction pressure of the surface tissues of this material was measured, 
after five and after fifteen minutes, with the results shown in Table III; 
results are based in each case on one preparation with about ten cells. 
The cells in one preparation were all found to give the same result. 

Table IIL 

Stiction Pressure of Superficial Mesophyll Cells of: 

(a) Iris germanica, 

(b) Iris florentina. 

Series I (a). 


Mesophyll cells torn from attached leaf 0*40 M. 

Strip from leaf in saturated air, after 5 minutes 0-39 M. 
jj jj ^5 ^‘39 

Series II (b). 

Mesophyll cells torn from attached leaf 0*39 M. 

Strip from leaf in saturated air, after 10 minutes 0*37 M. 


For the first measurement in each series the cells of the first layer of 
mesophyll attached to strips of epidermis were torn from leaves which at 
the time of the removal of the tissue were still attached to the plants, so 
that in these leaves the natural water gradients were still in existence. 
The suction pressure of these mesophyll cells was determined and the value 
obtained was interpreted as the suction pressure resulting from the equaliz- 
ing of all the suction pressures of the cells of the two layers of tissue. 
The second value in each series is to be regarded as the suction pressure of 
any cell in the leaf, when all the differences in water tension and all the 
natural gradients in the cells of the leaf have been caused to disappear. 
This value must not be called an * average ’ value of the suction pressure of 
all the cells of thf leaf since it is not dependent only on the number of cells 
but also on their relative sizes and the amount of the difference between 
the suction pressures of all the cells. 

Comparison of these two values shows that the equilibrium suction 
pressure of the epidermis and the outermost layer of mesophyll cells is 
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greater than the equilibrium suction pressure reached by the equalization 
of the suction pressures of all the cells through the leaf. From this fact it 
may be deduced that the inner cells have somewhat lower suction pressuresj 
and indeed it is to be expected that the process of water movement across 
the cells should be conditioned by a progressive increment in the suction 
pressure of the cells in the direction of water movement* 

The value of suction pressure throughout the day. 

It has been claimed that there are marked changes in suction pressure 
during the day. The results, however, were obtained by the method of 
sectioning. The tearing method was therefore used with leaves of Iris 
florentina and Saxifraga umhrosa. The equilibrium suction pressure of 
all the cells of the leaf was measured in October I93^^ during a period of 
twenty-four hours, and the temperature of the place where the plants were 
growing (on the College roof) and that of the room in which the suction 
pressure was measured, were noted. The results are given in Table IV. 


Table IV. 


Time. 

^ Equilibrium ’ suction pressure 
(M cane sugar). 

Iris . Saxifraga . 

Temperature (° C.). 
Roof. Room. 

3 ] 

D.m. 

0-398 

— 

30 

26 

5 

j? 

0*398 

— 

29 

25 

7 

jj 

0-398 

0-325 

26 

23 

9 

j? 

0*395 

0-330 

24 

23-5 

II 


0*393 

0-330 

21 

23 

I a.m. 

0*393 

0-330 

18 

21 

3 

3^ 

0*393 

0-330 

18 

21 

7 

3J 

0*393 

0*335 

16 

23 

9 

53 

0-393 

0-335 

^3 

23 

II 

35 

0-393 

0*335 

30 

26 

I 

p.m. 

0*395 

0*335 

32 

26 

3 

n 

0-398 

0*335 

32 

28 


The variation in suction pressure was extremely slight, being only 
from 10-89 11-05 atm. in the case of Iris, and from 8-85 atm. to less 

than 9*29 atm. in the case of Saxifraga. 

In another set of experiments (Table V) the suction pressure of the 
surface tissues was compared with the equilibrium suction pressure of all 
the cells of the leaf. The first measurements were made on the superficial 
mesophyll cells torn from attached leaves, and the second ones on similar 
cells torn from leaves after these had been detached from the plant and 
placed in a still atmosphere for ten minutes. 

During the period of two hours the first series shows a constant differ- 
ence of 0-07 atm. between the two suction pressures, which both remained 
constant at 10-92 atm. and 10-97 respectively. In the second series 
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the values were slightly higher, but the difference between them was of 
about the same amount. A fall in suction pressure occurred towards 
evening and may be seen in this series to occur somewhat earlier in the day 

Table V. 

Iris florentina. Daily Variation in the Suction Pressure of the 
Cells of the Leaf. 


Suction pressure (M cane sugar). 


Time. 

After equilibrium. Attached leaf. 

Temperature 


Series 1 . 

(15.8.32.) 


11.30 a.m. 

0.394 

0*396 

21 

12.15 p.m. 

0.394 

0*396 

21 

12.45 „ 

0-394 

0*396 


1.30 „ 

0*394 

0*396 

24 


Series II. 

(12. 8. 32.) 


3 P-ni. 

0-396 

0*398 

27 

5 ,, 

0-396 

0*398 

27 

6 „ 

0-396 

0-397 

24 

7 ,, 

0-396 

0*397 

24 

8 ,, 

0-396 

0*396 

23 

9 » 

0-393 

0*393 

21 

10 „ 

0-393 

0*393 

20 


in the cells from attached leaves. At 10 p.m. the two measurements gave 
the same result, so that the gradient of suction pressure across the leaf had 
apparently disappeared, or been reduced below measurable significance ; 
this may indicate either a closing of the stomata or a fall in the 
evaporating power of the air. A twenty-four hour test (Table VI) showed 
that the low night value common to both the measurements remained 
constant, within measurable limits, through the night and till the following 
midday. 


Table VL 


Iris germanica. Daily Variation in the Suction Pressure of the 
Cells of the Leaf 


Time. 

Suction pressure (M cane sugar). 
After equilibrium. Attached leaf. 

Temperature (° C.). 

11.40 a.m. 

0-414 

0*420 

24 

12 noon 

0-414 

0-420 

25 

I p.m. 

0-414 

0*420 

33 

3 » 

0-414 

0*420 

35 

5 

0*414 

0*416 

31 

7 r, 

0-414 

0-414 

28 

9 jj 

0*414 

0.414 

— 

11.30 p.m. 

0*414 

0-414 

— 

2. IS a.m. 

0-414 

0-414 

^ — 

5 

0-414 

0-414 

20 

7 , » 

'0“4i4 

0-414 

20, 

9 

0-414 

0-414 

25' 

II „ 

0*414 

0-415 

26 

125 noon 

0*414 

0-420 

37 V,,:;, V 
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The equilibrium suction pressure of all the cells of the leaf remained 
unchanged over the whole time, while that of the surface tissues of the leaf 
rose in the later part of the morning, remained constant at this new level 
for some hours, and then fell again to the same value as the equilibrium 
suction pressure of all the cells. The value in atmospheres ranged from 
1 1*55 atm. (0-414 M) to 11*74 ^tm. (0-420 M). 

The plants of Iris germanica and Iflorentma used in all the experi“ 
ments described in this paper were growing very close together. Some 
forty measurements have been made on material from these plants at 
different times through the year and for different purposes, and the suction 
pressure of cells from /. germanica has always been greater than 0-41 and 
less than 0-43 M, and that of cells from /. florentina has ranged from 0*38 M 
to 0*40 M, This small range of suction pressure variation in each species is 
very remarkable, especially if the number of factors tending to affect the 
water exchange and the wide range of possible and indeed probable varia- 
tion of most of these factors is considered. Plasma viscosity, permeability 
and sugar content of the green cells among internal factors, and soil damp- 
ness and relative humidity of the air among external ones, must vary within 
wide limits through the twenty-four hours and through the year. There 
was always some difference between the suction pressures of the cells 
of leaves from the two species, and this difference must be due to some 
internal mechanism in the plants, since conditions of soil and water and 
atmosphere and light must have been the same for both species where they 
grew close together. 

Suction fresstire and height of leaf insertion. 

The lower epidermis of the leaves oi Ampelop sis Veitchii can be torn 
away in small pieces. It carries with it groups of rather irregular nieso- 
phyll cells, which though small are convenient for suction-pressure measure- 
ments. The proportion of mesophyll cells to epidermal cells is small and 
variable in these strips, so that it is not admissible to draw conclusions as 
to the suction pressure of the two surface tissues as in the case of /rzls*, 
where the mesophyll cells form a continuous layer one cell deep over the 
epidermis. Five leaves were detached near to ground-level, and five 
similar leaves of about the same size and fully grown from a position 20 ft. 
above ground level, and the superficial tissues isolated after about ten 
minutes w^hen the natural gradients had probably disappeared. The 
pressure determined was therefore the equilibrium suction pressure of the 
cells of the leaf as a whole. 

Table VII shows that thei*e is apparently some increase in suction 
pressure of leaves with the height of insertion, for there was a rise of 
0*12 atm. when passing from ground level to a height ft (ii-ii atm. 
to 11-23 atm,). 
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Table VIL 


Ampelopsis Veitchiu The Siictio 7 i Pressure and the Height of 
Insertion of the Leaf. 


Ground- Suction pressure 20-ft. 

level. (M cane sugar). level. 


Suction pressure 
(M cane sugar). 


1 0-410 

2 0*410 

3 0.410/1 

4 0-410 

5 0-410/1 


1 0*414 

2 0-414/5 

3 0-414/5 

4 0-414 

5 0-414 


Behaviour of isolated tissues in saturated air. 

Pieces of a leaf were found to live for some forty-eight hours immersed 
in paraffin (see Table I). The cells subjected to this treatment retained a 
perfectly healthy appearance almost to the end, and after an initial rise in 
suction pressure, maintained the same pressure with remarkable constancy 
for two days with a nightly fall. It is difficult to state the cause of the 
initial rise in suction pressure, where so many complex intercellular and 
intracellular factors may have been affected by the isolation of a mass of 
tissues from the remainder of the leaf. The ultimate, almost simultaneous 
death of all the cells may be due to poisoning by accumulation of the COg 
of respiration. Interchange of water between the cells and the environment 
was of course prevented by the immersion in paraffin. Also the gas rela- 
tions of the cells w^ere probably upset by the difference in the solubilities of 
CO2 and oxygen in paraffin. 

Ill the experiment just described, the gain or loss of water by the 
tissue, except by the intracellular processes of respiration and photo- 
synthesis, was prevented. In the following tests, pieces of Iris leaf two 
cells thick were isolated by making a small incision with a sharp scalpel in 
the surface of the leaf and tearing away 
the easily separable material. The strips 
were placed on watch glasses on thick 
pads of water-saturated cotton wool in 
potato dishes, and allowed to stand on 
a bench near a window in daylight. The pieces of tissue were found to 
live for ten days or longer. 

The suction pressure fell for three days, remained constant for the 
same period, and then rose to a considerably higher value than the original. 
The cells appeared perfectly healthy on the tenth day, in spite of an 
increased suction pressure of 1-76 atm. (an increase of 14-7 per cent of the 
original value) ; on the eleventh day, the entire tissue was dead. 

This test was repeated a little later with tissue from three leaves. In 
two cases the suction pressure fell during the first day and then rose, In 
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the third case, the measurements made on the first and second day were 
lost, but the shape of the curve of suction pressure for the later period 
suggested that the value remained unchanged for some time before rising. 
These results are given in Table IX, 

Table VIIL 

Iris. Suction Pressure Cha7iges in Isolated Tissues maintained m a 


Saturated Atmosphere, exposed to Daylight 

and to 

Temperature 

Changes in the Laboratory. 




Time (days). 

I 2 

3 

4 

5 

Suction pressure 
(M cane sugar). 

0-42-3 0-41- 

-2 0-40-1 

0*40 

0-40 

Suction pressure 
(atmospheres). 

11*90 11*58 

11*27 

ii'ii 

ii-il 

Time (days). 

6 7 

8 

9 

10 

Suction pressure 
(M cane sugar). 

0*40 0*42 

o- 42~3 

0 * 44-5 

0-48 

Suction pressure 
(atmospheres). 

il-ii 11*74 

11*90 

12-56 

13*66 


Table 

IX. 




Iris. Suction Pressure Changes in Isolated Tissues maintained in a 
Saturated Atmosphere, exposed to Daylight and to Temperature Changes. 


Time 

1 . 

IL 

Suction pressure. 

III. 

(days). 

Atmospheres. 

Atmospheres. 

Atmospheres, 

0 

10-56 

10-72 

10-64 

I 

10*48 

10-56 

— 

2 

10*48 

10-56 

— 

3 

10-64 

10-64 

10-72 

4 

11*04 

I0‘8o 

10-80 

5 

— 

11*66 

— 

6 

11*74 

11*59 

7 

— 

— 

— 

8 

11*90 

11*90 

— 

9 

11-90 

11*90 

11*90 


The Suction Pressure Changes in Cells of Isolated Tissue maintained in 
a Saturated A tmosphere in the Dark, and at Constant Teinperature. 

L Strips of tissue were placed in tin-foil boats suspended from the 
corks of test-tubes which were nearly full of distilled water, the boats being 
as near as possible to the water surface. The test-tubes were kept in a water 
bath at 20° C, and suction pressure measurements were made each day at 
approximately the same time on one of these pieces of tissue. 

Table X shows how the suction pressure fell slowly for two days, at 
the same rate. On the third day the cells were in equilibrium with 
distilled water, and on the fourth the remaining strips of tissue were dead. 
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Table X. 

Iris^ The Suction Presstire Changes in Isolated Tissues. 

Day. Atmospheres. 

0 12*30 

1 11*98 

2 11*66 

3 zero. 

IL The suction pressure changes in strips of tissue, from the same leaf, 
over water, were next compared under different conditions. One strip was 
given the treatment just outlined, i.e., constant temperature at ao^C, and 
darkness. The second was allowed to remain in a potato dish on the 
bench, exposed to the lower temperature of the laboratory {c. 10° C.) and 
to daylight. In the dark, the suction pressure fell, but in the light, an 
increase in suction pressure occurred, as is seen in Table XL 


Table XL 


Iris. Suction Pressure Changes in Similar Tissues^ in Light and 

in Dark. 


Day. 

0 

1 

2 

3 


Light. 

Atmospheres. 

10*48 

10-48 

10*64 

io*8o 


Dark. 

Atmospheres. 

10*48 

10*17 

9*87 


III. A number of strips of tissue, isolated with as little injury as 
possible from the same leaf, were submitted to different treatments. The 
temperature was maintained constant at so° C. in most cases, and in two 
was not controlled in which it averaged about 10° C. One strip was ex- 
posed to daylight The water content of the air was controlled in two of 
the five series by substituting saturated solutions of salts for the distilled 
water used in the previous casesd The apparatus was the same : — tin-foil 
boats suspended from the corks of closed test-tubes kept in a water bath, for 
the constant temperature tests. The tissues to be subjected to temperature 
changes were kept on watch glasses on saturated cotton-wool pads in 
closed potato dishes on the bench. One of these was covered with black 
paper to exclude daylight. As Table XII shows, the cells lost water to the 
solutions of high osmotic pressure and their suction pressure increased, and 
death occurred after two days’ exposure. 

The entire test was repeated, using several other saturated solutions 

^ The solutions used to obtain vapour pressures below saturation were saturated oh^ of 
magnesium acetate and potassium bromide. - 
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to obtain a range of the atmosphere hiimidities» Solutions of NaClO. 
and NaBr03 were used and similar results were obtained, as shown in 
Table Xlllf 


Table XIL 


Siictmt Pressure Changes (M Cane Sugar) in response to Different 

Conditions. 



Dark (20° C.). 

Daylight (Temp, varying 

about 10^ C.). 

Vapour pressure 
(mm. Hg). 

n*3 

14*5 

17-4 

9*1 

9*1 

Day. 




0*380 

0*380 

0 

0*380 

0*380 

0-380 

I 

0*460 

0*420 

0-365/70 

0*370 

0*380/5 

2 

0-490/5 

0*440 

0-365 

0*360 

0*395/40 

3 


— 

0-360/5 

0350 

0*410 

4 

— 

— 

0-360 

0*340 

0*430 

5 

— 

— 

— 

0*330 

0*435 


Table XIIL 


Suction Pressure Changes in Response to Different Conditmis. 


Condition. 

Dark (20® C, 
Controlled 20 

Suction pressure. 

.). Daylight (varying about 

"C. 10° C.). 

Vapour pressure 
(mm. Hg). 

Day. 

11*3 12*7 14*5 

15*6 

17 

9 

9 

0 

0*380 0*380 

0*380 

0*380 

0-380 

0*380 

0*380 

I 

0-465/70 0-450 

0*420 

0*405 

0-370/5 

0*370 

0*380/5 

2 

— 0-470 

0*440 

0-425/30 

0-365 

0*360 

0*395 

3 

— — 

— 

— 

0-360 

0*350 

0*410 


The increased suction pressure of cells exposed to light may in part be 
due to water loss, but is probably due to some other factor. Sugar 
synthesis probably continues in the cells, and loss of sugar by translocation 
is stopped. It has not yet been possible to analyse this increase into water 
changes and sugar-content changes by some method of osmotic pressure 
determination. Such a method has still to be found ; plasmolysis is use- 
less, a freezing-point determination introduces too many errors for the 
results to be comparable with suction pressure measurements, and ex- 
pressed sap probably bears little relation to the sap in a living cell 


Summary. 

For the method of suction pressure measurement already described (1) 
some points of detail are elaborated. 

The effect of immersion in paraffin of portions of an Iris leaf is studied. 
There is a small initial rise during the first five minutes* 
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The suction pressure of the superficial mesophyll cells of leaves of Iris 
is shown to maintain a remarkably constant value in the plant, changing 
little during the twenty-four hours. In excerpted tissues the suction 
pressure shows a response to varying experimental conditions, such as light 
and atmospheric humidity. 

An indication is obtained of a slight gradient of suction pressure across 
the cells of Iris leaves, i.e. from the water-conducting tissue to the surface 
tissues. 

A small increase in suction pressure with the height of insertion of the 
leaves of Ampelopsis Veiichii is demonstrated. 
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NOTES. 


THE COLUMELLA IN THE CONE OF DISELMA .- Archeri 

}. D. Hook, is one of the rarer Conifers endemic in Tasmania. Its cone is small — 
about 2 mm,X3 mm. — and consists of two decussate pairs of scales, the upper pair 



Ovulate cone of Diselma^ somewhat diagrammatic, showing columella. 

larger and each carrying two three-winged seeds, the lower pair smaller and sterile. 
The general structure is shown in the accompanying drawing which is a little 
diagrammatic, a is one of the sterile scales, b and b the fertile scales, s and s the 
scars of two of the seeds and, in the centre, is the columella c to which it is desired 
to call attention. This structure, which is very characteristic, seems to have been 
overlooked in many of the systematic and general accounts of the genus. No 
reference is made to it by Parlatore (Prodromus 1868), Bentham (Flora Australiensis 
1873), Veitch (Manual of Conifers), Beissner (Nadelholzkunde 1930), or Dallimore 
and Jackson (Handbook of Conifers 1931). Baker and Smith (Pines of Australia 
1910), though figuring and discussing many variations in the columella of the 
different species of Calliiru, do not seem to have been familiar with that of Diselma. 
These omissions are all the more remarkable, as already in i860 J.D. Hooker (Flora 
Tasmaniae) had described and drawn this structure. In his account of the cone 
occur the words * axi in centro amend cylindraceo \ while his figures 7 and 9 show 
the full structure of the cone with an unmistakable columella. It is peculiar, 
therefore, that Tarouca (Unsere Freiland-Nadelholzer 1923), although reproducing 
most of Hooker^s figures of the cone of Diselma, omits figures 7 and 9 which not 
only are the precise figures which show the columella clearly but also bring out the 
general cone structure more satisfactorily than any of the others. 

lAmxBls of Botasisr, Yol. XLYTO. No. CtXXXlX, Jammry, 1934.] ^ ^ '' ' v'' 
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Bentham and Hooker (Genera Plantarum 1883) include Diselma in Fiizroya 
and, in the general account of the combined genus, do refer to the columella in these 
words, ^ amenti rhachis in columnam brevem oblongam (sqiiaiiiarum seriei quartae 
rudimentam) producta h This, however, is ambiguous. In Fiizroya three whorls of 
three scales each were usually reckoned as cone scales. This explains the suggestion 
that the columella is the vestige of the fourth whorl. But in Fiizroya proper from 
Chili it is now well known that the columella takes the form of three diverging 
resiniferous columns fused at the base, to which the description above does not 
apply. The reference to a short column would apply to Diselma^ but the expression 
^ squamaram seriei quartae rudimentam ’ would not suit this genus. Pilger 
(Gymnospermae, in Engler and Prantl 1926), among recent writers, also refers to 
the columella of Diselma — ‘ ueber den Carp, eine kleine ovale einfache oder 
zweispaltige, dickliche harzige Columella h Tlie drawing here produced shows, as 
do also Hooker's figures, that the description ‘ kleine ovale ’ is hardly accurate. In 
the material available, which is quite plentiful, the columella is a short-stalked 
elongate ovate-cylindrical pointed structure; although small in actual size, when 
compared with the dimensions of the cone it is outstanding. 

For these reasons it seemed advisable to call attention to Hooker’s original 
reference to this important character in the Diselma cone. 

No specimen showing a ^ zweispaltige ' columella was found, and this condition 
is possibly rare; but its occurrence is interesting. In cultivation at any rate, 
Fiizroya frequently shows variations in cone structure. Normally it possesses three 
large fertile scales and three smaller below, the apex of the cone axis ending in the 
strongly trifid columella. It may, however, show four large scales symmetrically 
placed, in which cases the columella is seldom trifid but strongly bifid. These cones 
are still distinctly Fitzroyan and quite unlike Disehna^ but seem to emphasize the 
affinity between the two genera. 

It is perhaps worth recording here that there exists, in the open, a group of 
well-grown specimens of Diselma in the gardens of Ilnacullin, Co. Cork, the property 
of Roland Bryce, Esq. These very interesting plants are not mentioned in the 
Report of the Conifer Conference of 1931. 

The drawing was made by Miss M. O’Leary, M.Sc. 

JOSEPH DOYLE. 

University College, 

Dublin, 


AN IMPROVED METHOD OF SOFTENING HARD WOODY TISSUES 
IN HYDROFLUORIC ACID UNDER PRESSURE.— In order to cut fairly thin 
sections of hard tropical timbers for microscopic examination, it is necessary, in the 
first stage, to soften the small blocks of wood with some chemical Many laboratories 
use hydrofluoric acid for this purpose. The usual procedure is to immerse the blocks 
in acid in gutta-percha bottles and to seal the stoppers with wax. The blocks are 
then kept in that state for varying lengths of time depending on the hardness of the 
timber. With some experience, one can make a fair guess at the time that a certain 
tiihber is likely to take to soften. Most of the hard Indian timbers take about six to 
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eight weeks, which is a long time, especially when one has to cut sections for urgent 
inquiries. During the last two years some experiments have been carried out on 
various limbers at the Forest Research Institute, Dehra Dun, with a view to shortening 



Illustration of the pressure cylinder. 


this time of softening. The results obtained have been very satisfactory. Timbers 
which formerly used to take six weeks to soften have been softened under pressure in 
a w'eek^s time, and those taking eight weeks or more have been softened in ten to 
fifteen days. 

In the present w^ork a cylinder^ similar to that employed by J. F. Lodewick 
(A Shorter Celloidin Method, Science, ii. 60, 1924), was used with some 

modifications to suit the experiments. These modifications were : (a) a pressure 
gauge attached to the main body of the cylinder in order to indicate the pressure and 
to detect leakage, if any, during the process of treatment, and (h) the lining of the 
inside of the cylinder with lead sheeting to guard against the corroding effect of 
hydrofluoric acid. This gave satisfactory results. 

To get uniform action of the acid, the small blocks of w^ood were first boiled in 
Avater for a few hours, and as far as possible all air was driven out of them. The 
gutta-percha bottles, containing the blocks in acid, without stoppers, were then 
placed in the cylinder. Having made the cylinder air-tight, pressure was applied by 
an ordinary foot-pump. The experiments carried out during last two years have 

^ My thanks are due to Mr. R. D. Tandon, Mechanical Kngineer, Forest Research Institute, 
Behra Dun, who made these cylinders for me* : . , . ' . 
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shown that the best results are obtained by applying a pressure of about 8o lb« per 
sq. in. More than this tends to render the blocks brittle. It was also found that 
moderately soft to moderately hard timbers can be softened in two ways : either by 
diluting the acid’ and keeping the blocks under pressure for a week, or by treating 
them with undiluted acid under pressure for two to four days. The former method is 
always better, but the latter method has been used for urgent cases with fairly 
satisfactory results. Hard to very hard timbers usually give no trouble when treated 
with undiluted acid. 

At the end of the softening period the bottles are taken out from the cylinder 
and the blocks are washed and stored in the usual way. 

During the course of experiment, over 200 blocks of some 125 species have 
been softened in this way. The list below shows some of the species in question 


and the time taken to soften them. 

Name of timber species softened. 

Strength of 
HF. 

0/ 

Number of days 
under pressure 

of 80 lb. 

Large blocks (size i" x i" x i"}- 

/* 


I. Cedrella ioona 

40 

3 

2. Buxus sempervirens .... 


7 

3. Diospyros melanoxylon 


7 

4. Hoped odorata 


14 

5* regia 


3 

6. PopuhiS euphratica .... 


3 

7. Santahim album .... 


7 

8. Sko 7 'ea obtusa ..... 


10 

9. Shorea robusta ..... 

J 5 

10 

10, Terminalia tojnenlosa 

>3 

8 

Small blocks (size J" x x i"). 

1 , DipterocarpMS costatus 

3 ) 

7 

2. Dipierocarpus pilosus 

33 

7 

3. Hoped odorata .... 

3 > 

8 

4. Ougeinia dalbergloides 

jj 

9 

5. Terminalia tomentosa 

>3 

5 

Forest Research Institute, 

Dehra Dun, India. 

K. A. CHOWDHURY. 

^ A SIMPLE STAINING METHOD FOR 

ELEMENTARY ANATOMICAL 

WORK. — The method which is the subject of the present 

note can be used as a 


temporary mounting method to give by one process a double stained preparation 

or by subsequent treatment of temporary mounts permanent preparations. For 
temporary preparations sections are mounted direct in a solution of cotton blue and 
magenta in lactophenol. In most instances the protoplasm, protein, and mucilage 
show up blue almost immediately, lignified walls and cuticle pick up the red dye 
fairly soon afterwards, and after a more or less protracted period the cellulose walls 
stain;blue. * 

Commercial hydrofluoric acid, ^0-40 per cent 
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During the period that elapses prior to attainment of the full colour the lignified 
walls pass through various intensities of pink or orange, and as a rule the older the 
lignification the more slowly staining takes place. This feature, which at first sight 
would seem a disadvantage, may be made of great use in teaching since it is 
frequently possible to demonstrate particular types of, say, xylem, by reference to 
colour. Thus one often sees recently mounted sections in which it is possible to 
point out the secondary xylem as red, the metaxylem as pink, and the protoxylem as 
pale pink. 

In a similar manner when the element is young the walls of collenchyma and 
phloem tend to take up a little red in addition to blue and the result is to colour the 
walls a distinct mauve at first. 

Preparations made for immediate examination keep well in the temporary con- 
dition since lactophenol does not evaporate, and in keeping they become more and 
more effectively stained. There is little tendency to overstain and differentiation is 
automatic, so that after a few days the coverslip may be removed, the excess of stain 
wiped away, and the section dehydrated, cleared in xylol, and mounted in balsam to 
give a permanent preparation similar to one stained with safranin and haematoxylin. 
Permanence of colour does not seem quite so good as this latter, however, being on 
a par with that of safranin and light green, but the advantage of simplicity may out- 
weigh this objection in a method primarily for students. 

As a standard concentration of stains the following is used: 

1 per cent, cotton blue in lactophenol . . 4 c.c. 

I per cent, magenta in lactophenol . . . 2 c.c. 

Lactophenol 50 c.c. 

Until students become used to section cutting a lower concentration of dyes in 
lactophenol proves more successful, since too deep a layer of stain has an appreciable 
light-stopping effect. Subsequently when the general run of sections is thinner the 
concentration may be increased with advantage to obtain more rapid staining. 

A modification may also be made with advantage when the light source is very 
yellow. Under these circumstances extra cotton blue increases the contrast in 
temporary preparations, since it accelerates the staining of protein, protoplasm, &c., 
and also by acting as a colour filter in the mounting medium accentuates the red of 
lignified walls. ; 

C. J. A. BERKELEY. 

Chelsea College of Science. 


VARIATION IN FLOWERS OF LESSER CELANDINE, RANUNCULUS 
FICARIA L. — Two series of two hundred flowers each of the Lesser Celandine, 
Ranunculus Ficaria L., were collected on March 14th and 15th, 1931, from adja- 
cent loci on the same (north) side of the Bedchester road, a short distance west 
of Fontmell Magna, Dorset The two loci are apparently identical except in one 
respect — ^the supply of water. Both are roadside hedgebanks, one a continuation 
of the other ; both have a generally south aspect and receive the same toount of 
sunshine; both are situated on a patch of Valley Gravel overlying the Gault (cf. 



312 


Notes. 


Sheet No, 313, Shaftesbury, of the Geological Survey). Each is backed by a hedge 
consisting mainly of hawthorn and hazel, the depth of the bank from hedge-bottom 
to road being about three feet; the lowest ten or twelve inches of this is kept triimiied 


Dry Locus ----V\/e/' Locus 



vertically. Their flora appear to be identical, nettles, ivy, and violets being most 
conspicuous amongst the grass in March, while the snail fauna of the two is the 
same ; the presence of Pomaiias elegans (Muller) testifies to the chalky nature of 
the soil. 

The only visible difference between the loci is that in the case of the more 
easterly one there runs a small stream immediately below the foot of the bank ; the 
more westerly locus is dry below. Celandines are practically confined in each case 
to the lowest eight or ten inches of the sloping bank, just above the artificially 


Correlation of Number of Petals and Number of Sepals. 


{a) Dry locus. 


Number of petals. 

Number of sepals. 

3^ 4- 

Total. 

Mean number 
of sepals. 

S 

88 

4 

92 

3*043 

9 

52 

4 

56 

3-071 

10 

29 

2 

31 

3-065 

II 

16 

2 

18 

3-1 1 1 

12 

I 

2 

3 

3-667 

Total 

186 

14 

200 

3-070 

■Mean number of petals 

8-871 

9*571 

8-930 
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(b) Wet locus. 



Number of petals. 

3- 

No. of sepals. 

4* 5* 

Total, 

Mean number 
of sepals. 

8 

SS 

I — 

56 

3*oiS 

9 

46 

2 2 

50 

3*120 

10 

35 

5 I 

41 

3*171 

II 

3^ 

9 I 

48 

3*229 

12 

2 

3 — 

5 

3*600 

Total 

176 

20 4 

300 

3*140 

Mean number of petals 

9*352 

10*550 9*750 

9*480 



trimmed area, and this circumstance renders the two loci almost ideally suitable for 
a comparison of the flowers found in each with the object of determining the influence 
of an abundant and steady supply of moisture upon the number of the perianth 
leaves. 

The whole of the perfect flowers open in each locus on the first day were 
collected and the number of petals and sepals of each was noted ; by careful 
collecting the number of flowers observed for each locus was brought up on the 
second day to two hundred. Correlation tables were constructed showing the 
correlation of number of petals and number of sepals for each series, and these are 
given above. It is quite clear from these tables that there is in each locus a slight 
tendency for a high number of sepals to be associated with a high number of petals 
(positive correlation). Frequency polygons are shown in the Diagram, giving the 
distributions of petals, sepals, and total perianth leaves for the two loci. The 
distribution of total perianth leaves is as follows : 


Number of leaves. 

II, 

12, 

13* 

14. 

15* 

16. 

Total 

Mean. 

Number of | Dry locus 

88 

56 

33 

18 

3 

2 

200 

11*990 

flowers. tWet locus 

55 

47 

37 

45 

12 

4 

200 

12*620 


The distribution constants for the three variables are : 




Dry locus. 



Wet locus. 



Petals, 

Sepals. 

Perianth i 
leaves. 

Petals. 

Sepals. 

Perianth 

leaves. 

Mean . . . . 

Standard deviation . 
Coefficient of variation . 
Standard error of mean . 

8*920 

1*051 

11*78 

0*0743 

3*070 

0*255 

8-31 

0-0 1 80 

11*990 
1*223 1 

9*36 

0*0794 1 

9*480 

1*200 

13*66 

0*0848 

3*140 

0*401 

12*76 

0*0283 

12*620 

1-355 

10*74 

0*0958 


Comparing the means for the two loci : 

Petals. 


Sepals. 


Perianth 

leaves. 


0*630 
0*1244 

5*06 

Thus, the flowers of the wet locus have on the average both more pethls and 
more sepals, and correspondingly more perianth leaves, than those of the dry locus. 


Difference of means (Wet — Dry) 
Standard error of difference . 

^ ^ Difference of means 

Standard error 


0*560 

0*1127 

4*97 


0*070 

0-03358 

2 *08 
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In the case of the petalSj the difference between the means is over one-half of a petal 
and is statistically significant. The same is true of the total perianth leaves, the 
distribution of which is influenced more by that of the petals than by that of the 
sepals, since the latter are much more nearly constant in number than tlie former. 
In the case of the sepals, it is noteworthy that no flowers with five sepals were found 
in the dry locus, whereas the wet station yielded four, or two per cent. ; the mean 
number of sepals is higher in the wet locus than in the dry, but the difference is not 
great enough to be in the statistical sense significant with series of two hundred only 
(if the distribution of sepals remained constant with increasing number of flowers 
counted, the difference of 0*070 between the means would become ^ significant^ for 
series of less than nine hundred each). 

The variability in the number of parts is similarly greater in the flowers of the 
wet locus ill respect of each of the three variables ; the increase of variability is 
greatest in the case of the sepals. 

The conclusion appears to be inescapable that an increase in the supply of 
assimilable food to a group of plants of JR. Ficaria^ consequent upon the close 
proximity of water, favours the production of flowers characterized by a higher 
average number of petals, of total perianth leaves, and very probably of sepals, and 
also by a greater variability in the number of each. 


Leek, Staffs. 


W. E. ALKINS. 
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Section I. Introduction. 

P REVIOUS work has made it clear that downward transport through 
the stem of carbohydrate (9) and of nitrogen (5) from the foliage region 
to the root takes place in the inner region of the bark. As both materials 

^ Paper No. 11 from the Physiological Department of the Cotton Research Station, Trinidad. 
[Annals of Botany, Vol. XhVIII. Ho. CXC. April, 1934.} ' 
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appear to travel in the sieve-tubes '(18) and as the gross phenomena seem 
to be identical ( 8 ), it may be inferred that the same mechanism is respon- 
sible for their movement. Examination of the concentration gradients in 
the 6ark of plants in a vegetative state has showOs however, that while 
carbohydrate travels to the root with a sugar gradient, nitrogen always 
moves against a gradient of organic crystalloid nitrogen* The gradient 
protein nitrogen may be either positive or negative, but where positive, is 
always much smaller than the gradient of crystalloid nitrogen (4, 5)* 

It will be evident, if both these materials travel by a process analo- 
gous to diffusion that the negative gradient in nitrogen in the bark must 
be composed of a positive gradient of translocatory nitrogen upon which is 
superimposed a steeper negative gradient of relatively static nitrogen* 
Subsequent work (H) has shown that there is in fact a positive gradient in 
the residual nitrogen fraction and that the gradients of the other organic 
crystalloid fractions, notably asparagine, are markedly negative. The 
masking hypothesis (4) also received support from the observation that 
when transport was brought to a standstill, the sugar gradient in the bark 
disappeared, while there remained a negative gradient in crystalloid and 
in total nitrogen (5). In another experiment it was noted that if the 
normal downward direction of carbohydrate and of nitrogen transport 
was experimentally reversed the originally positive sugar gradient became 
negative and the negative nitrogen gradient was steepened. This change 
in the nitrogen gradient was interpreted as the reversal of an originally 
positive dynamic gradient superimposed on a relatively constant negative 
static gradient. 

While such observations may indicate the existence of a negative 
gradient of static nitrogen in the bark, which masks a less steep positive 
gradient of mobile nitrogen, and are of importance in that they suggest 
that the negative nitrogen gradient found in the bark is not a bar to the 
acceptance of the Diffusion Theory of transport, they leave untouched the 
significance of this static gradient. To what extent does It represent 
structural as opposed to storage nitrogen? That it is due to storage 
rather than structural nitrogen is suggested by the marked increase in 
concentration that takes place as vegetative development proceeds (11). 
It will be clear, however, that the distinction between structural and storage 
nitrogen may be quite artificial Moreover, the only criterion of storage is 
redistribution. The problem of storage of mineral elements in plants with- 
out specialized storage tissues is one that has as yet received but scant 
consideration. In the present paper we have attempted to unravel some 
of the factors responsible for the storage and distribution of nitrogen in the 
bark. 
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Section 1L Curtailment of Supply (Experiment i, 

April i^i^nd-May aorn , 1931). 

In this experiment the supply of nitrogen to the roots of plants in a 
vegetative condition was cut off, and the effect of this curtailment on the 
distribution of nitrogen in the plant and on the gradients in the dark was 
then examined. It was expected, if storage as opposed to structural 
nitrogen is responsible for the negative gradient of static nitrogen, that the 
demands made by the growing tissues at the apex would lead to a with- 
drawal of nitrogen from the older basal region and so eliminate the 
negative gradient. 

(a) Procedtire. The plants were grown for a period of approximately 
ten weeks in a full water culture solution in a glass house. The culture 
solution was liberally (160 p.p.m.) supplied with nitrogen in the form of 
ammonium nitrate. We have found (see Experiment 3) that a further 
Increase in nitrogen concentration in the solution used does not lead to any 
appreciable increase in dry weight. On the contrary there is usually 
luxury consumption of nitrogen and a decline in dry weight production. 
After ten weeks nitrogen was omitted from the solution. The nitrogen- 
free solution was changed weekly during the experiment 

As a result of constant pruning during the first ten weeks the ‘ tops ^ 
of the plants consisted only of the main stem, the leaves on the main stem, 
and of one internode and leaf per fruiting branch. The main stem was 
divided into three regions before the experiment began. These regions 
were demarcated with wool. The Lower region lay between the middle 
node and the root. The Upper region extended upwards from the middle 
node to that part of the stem which was judged to be too young to permit 
of separation into bark and wood. The region where the tissues were too 
immature to permit of separation into bark and wood is referred to as the 
Apical region, and is of course the only region where extension in length 
took place. 

The actual tissues sampled were as follows : 

Apical Region. Leaf lamina, petiole, and stem. 

Upper Region. Leaf lamina, petiole, bark, and wood. The solitary 
internodes that comprised the fruiting branches were bulked with 
the petioles. In length they were about equal to the petioles of 
the main stem leaves. 

Lower Region. As for Upper region- 

Root Region. Bark and wood of tap-root and the fibrous roots. 

The plants were graded on the basis of height before the experiment 
began. At each collection there were two samples, each sample containing 
six plants. The results are expressed on the sample basis and represent 
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the weights of niaterlal per loo plants. Concentrations are expressed as 
grill* per loo grm, water. The first collection was made Immediately 
before the nitrogen supply was curtailed, the second after an interval of a 
week, and the third after a further period of three weeks. At the time of 
the third collection a collection was also made of plants to which the 
supply of nitrogen had not been curtailed. A number of leaves were shed 
from the Lower region during the experiment. These leaves were collected 
and were bulked with the Lower leaves on the plants at the time of the 
collection. The leaves shed from the plants with continued nitrogen supply 
were unfortunately not collected, so that the results for this group are 
incomplete. Carbohydrate has been taken to be equal to dry weight less 
5-7 times the weight of nitrogen. 

{b) Results. The relative changes that occurred in the weights of 
nitrogen and of carbohydrate in the whole plant between the first and the 
two subsequent collections are shown in Table L Fully significant changes 
(P = 0-05) are shown in heavy type and partially significant differences 
(P = o*io) in italics. 


Table L 

Relative [per cent.) Changes in Carbohydrate and in Nitrogen of 

Whole Plant* 

Collections. Time in weeks. Carbohydrate. Nitrogen. 

I“2 I 4 - 26-44 - 

1-3 4 +124-40 -17-83 

It will be noticed that while there occurred a large and fully signi- 
ficant increase in the weight of carbohydrate the weight of nitrogen 
diminished throughout the experiment. This loss of nitrogen was pre- 
sumably in part due to movement into the culture solution, but loss into 
the atmosphere may also have played a part, for we have found that appre- 
ciable losses in nitrogen may occur from isolated leaves (cf. 1 ). Nitrogen 
starvation is suggested by the rapid drop that occurred in the weight of 
nitrogen per 100 grm, dry weight, the value for which dropped from 
3*01 grm. at the first collection to i*!24 grm. at the third. 

The changes in the weight of nitrogen in the various Regions between 
the first and subsequent collections are shown in Table IL Below the 
actual changes are shown the relative changes. Statistically significant 
changes are shown as in Table 1 . 

The Apical region gained 6*36 grm. nitrogen during the course of the 
experiment. Upward movement of nitrogen into this region is thus 
demonstrated. It will be observed that the losses from the regions below 
the Apical greatly exceeded the gains by the Apical region. The relative 
losses were greatest' from' the Upper region and' least from the Root. That 
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nitrogen was limiting the development of the Apical region is shown by 
the much greater gains exhibited by the group that continued to receive 
nitrogen* Thus while the plants without nitrogen showed during the 
experiment an increase of only 62*5 per cent in the weight of nitrogen and 
447 per cent, in the weight of carbohydrate in the Apical region, the group 
that continued to receive nitrogen registered an increase of 446 per cent, in 
nitrogen and 821 per cent, in carbohydrate for the same region. The 
weight of nitrogen per 100 grm. dry weight in this region in the former 
group was 1*36 grm. at the time of the third collection, while in the latter 
group, which was collected at the same time, it was, 2*52 grm. Nitrogen 
starvation of the Apical region as a result of curtailment of supply is 
clearly indicated. 

TABI.E II, 

Actual {grm.) a^id Relative {per cent) Changes m Nitrogen in Regioits. 


Regions. 


Collections. 

Change. 

Apical. 

Upper. 

Lower. 

Root. 

All below 
apical. 

I i 

f Actual 

+ 0*20 

- 4*40 

- 0’6o 

- 0*37 

-S^S7 

1-2 1 

[ Relative 

+ 1*96 

-17*13 

- ySS 

~ 3*o8 

-11*85 

T-- 1 

( Actual 

+ 6*36 

-12*90 

- 1*63 

- 1*73 

-16*26 


{ Relative 

+ 62*48 

-50*21 

— 21*42 

- 1442 

-35-89 


The changes that occurred in the distribution of nitrogen in the various 
tissues are shown in Fig. i. The significant differences {P ==: 0-05) are 
shown by the vertical lines on the right. It will be seen that the bulk of 
the nitrogen was present in the leaves and that the most important changes 
also took place in these organs. In the Apical region, leaf lamina, petioles, 
and stem all registered gains. In the Upper and in the Low^er regions 
the leaf laminae lost during the experiment 58 and 74 per cent respectively 
of their nitrogen, while the bark gained 75 and 80 per cent, respectively, 
and the wood 5 and 36 per cent. The gains by the stem tissues under 
conditions of starvation are remarkable. It will be observed that the 
petioles also registered losses. It is important to note that the nitrogen 
losses from the leaves of the Upper and Lower regions may not have been 
entirely due to starvation, for the leaves of the Upper region of the group 
of plants that continued to receive nitrogen showed a net loss of nitrogen. 
The loss was 26 per cent, from the plants continuously supplied with 
nitrogen as compared with 58 per cent, from the nitrogen starved plants. As 
the uptake by the former group Is unknown, the actual loss cannot be 
gauged and may have equalled that of the latter group. 

It will be evident, as there was a gain by instead of a withdrawal of 
nitrogen from the bark of the Upper and Lower regions, that thero is no 
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suggestion that the normal negative gradients of nitrogen are due to 
storage nitrogen* The actual weights of nitrogen in the bark at each col- 
lection as well as the weights per loo grm. water are shown in Fig, 2* It 



Fig. t. Weight of nitrogen per 100 plants in various tissues. 


will be seen that the concentrations increased between collections i and 2 , 
and that the gradients remained negative throughout the experiment* 
Had the stem been defoliatedj growth of and storage by the stem tissues 
might have been limited by the absence of the cambial or some other 
hormone produced by the leaves (20), and withdrawal of nitrogen from the 
bark might have occurred. 

To sum up, curtailment of nitrogen to plants in a vegetative condition 
is accompanied by an upward movement of nitrogen from the mature 
leaves to the young tissues at the apex. A net loss in nitrogen also occurs 
from the mature leaves even when supply is not curtailed, but under these 
conditions the loss is much smaller. With supply curtailed there is a loss 
of nitrogen from the plant as a whole. Whether the loss occurs as a result 
of leakage into the culture solution or into the atmosphere or into both is 
not clear. Curtailment does not lead to movement of nitrogen from the 
stem tissues, which continue to gain nitrogen and to increase their concen- 
tration at the expense of the mature leaves, nor does the normal negative 
gradient exhibit any trend towards reversal, even when'; the development of 
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the young tissues at the apex is limited by nitrogen starvation. Evidence 
of a storage component in the bark gradient is therefore lacking. 



Fig. 2, Weight of nitrogen per loo plants and concentrations in hark of Upper and Lower regions 

at time of three collections. 

Section III. Bolling (Experiment 2, December jst, 1931- 
March fjNO, 1932), 

In this experiment observations were made on the changes in the 
distribution of nitrogen and of calcium, and on the gradients in the bark, 
as the plants advanced from the vegetative through the reproductive 
phase. It was thought that the bolls would withdraw nitrogen from the 
vegetative body (6, 7, 13) and that consequently the negative gradient in 
the bark might be removed. As previous work (10) has pointed to 
calcium being relatively immobile in the phloem, it was not expected that 
the calcium gradients in the bark would be disturbed by the maturation of 
the fruits. ^ 

(<:x) Procedure. The plants were growing in the open and were rooted 
in a fertile silt loam. The first collection was made approximately three 
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months after sowing. At this time the plants, which had been flowering 
for about a month, consisted of the main axis and the fruiting branches, 
each with their leaves. On the fruiting branches there were also flower 
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yiG. 3. Changes in weight of carbohydrate, of nitrogen, and of calcium per plant, for 
vegetative, reproductive, and whole plant. 

buds, Open flowers, and young bolls. Subsequent collections were made 
at intervals of a month until the termination of flowering. In all there 
were four collections. At each collection there were two samples. The 
samples contained twenty-five plants, and the results are expressed on the 
sample basis and represent the weights of material per single plant Con- 
centrations are again expressed as grm. per 100 grm. water. Grading was 
done on the basis of height and all the samples were drawn before the first 
collection. 

There were, as in Experiment i, two regions of stem where the bark 
concentrations were examined. The Loiver region extended upwards from 
the lowest fruiting branch to the middle node of the main stem, where wool 
was placed. The Upper region lay between the middle node and that part 
of the plant too immature for the separation of bark and wood. The rest 
of the plant including roots, leaves, fruiting branches, and the reproductive 
parts (flower buds, flowers, bolls, and pedicels), and the stem above and 
below the sampled regions where the gradients in the bark were examined, 
was also collected. All leaves, flower buds, and bolls, which were shed 
during the course of the experiment, were collected and were added to the 
material sampled at each collection. 

(<5) Results. ^ The changes in the weights of carbohydrate, nitrogen, 
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and calcium between the first and subsequent collections are recorded in 
Fig« 3, The results for the vegetative and for the reproductive parts and 
for the whole plant are shown. For the whole plant the decline in the rate 
of nitrogen and of calcium uptake by the root is more rapid than the 
decline in the rate of carbohydrate production by the leaves (cf. 17 ). Thus 
at the time of the first collection, when the plants were approximately 
three months old, the whole plant had absorbed 48 per cent, of its total 
uptake of nitrogen, 51 per cent, of its total weight of calcium, and had only 
produced 37 per cent, of its final weight of carbohydrate ; changes in the 
rate of respiration are of course unknown. The cause of the difference in 
the rate at which the mineral elements accumulate in the plant and at 
which carbohydrate appears (cf. 14 ) to be produced is not yet clear, but is 
probably in some way due to the deflexion of carbohydrate from the roots 
to the developing fruits (cf. 6, 7 , 13 ). It will be observed that there was 
no increase in the weight of carbohydrate in the vegetative part of the 
plant after the third collection. The difference in the relative rates of 
nitrogen and of calcium uptake is probably not significant ; it is interesting 
to note, however, that Rippel ( 16 ) found that the uptake of nitrogen by the 
plant diminished more rapidly with increasing age than that of calcium. 

The changes in the vegetative and reproductive parts of the plant are 
mainly of interest in that between the second and fourth collections there 
was an exodus of nitrogen, but not of calcium, from the vegetative to the 
reproductive parts of the plant. This loss in nitrogen amounted to 16 per 
cent, of that in the vegetative plant It will be noticed that between the 
first and second collections much more nitrogen moved into the reproduc- 
tive than into the vegetative parts of the plant and that the reverse obtained 
for calcium. It is not clear to what extent the absence of calcium transport 
from the vegetative into the reproductive organs is due to a low require- 
ment of the reproductive parts and one that is therefore satisfied by the 
calcium in the transpiration current, and to what extent to the immobility 
of calcium in the phloem. It will be clear that if utilization (requirement) 
conditions phloem mobility, the mechanism of phloem transport and of 
import by the root must be different, for the uptake of non-essential 
elements and of essential elements in excess of requirement (luxury con- 
sumption) by the root evidently proceeds independently of requirement 
Import by the root is apparently polarised, and may, like the movement of 
sugar from the mesophyll to vein ( 15 ), proceed against a gradient, while 
transport along the sieve-tubes is not and occurs in the direction of the 
gradient 

It is with the withdrawal of nitrogen that we are mainly concerned • 
The changes in the amount of nitrogen and also of calcium in the several 
tissues composing the vegetative plant are shown in Fig. 4. The significant 
differences (P = o-o5) are shown by the vertical lines on , the ^ right. The.;;:' 
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results are expressed as percentages of the amounts at the first collection. 
It will be seen that the leaf lamina, petiole, and bark all register losses of 
nitrogen after the second collection. The loss from the bark betiveen the 



Fig. 4. Changes in weight of nitrogen and of calcium in tissues of vegetative plant 
expressed as percentages of Collection i. 

second and fourth collections amounted to per cent The fruitingj 
branches show a fully significant loss of nitrogen after the third collcctionj 
'The, apex, that region of the main stem where the tissues were too immature 
for the separation of bark and wood, shows no change. The root and the 
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wood of the main stem register a more or less continuous gain. The 
results for calcium differ from those of nitrogen in that none of the tissues 



Lower Upper Lower Upper 


Fig. 5. Weights of nitrogen and calcium per plant (left), and concentrations (right), 
in Upper and Lower bark regions at time of four collections, 

experienced a loss of calcium. The results emphasize the immobility of 
calcium ( 10 ). 

The effect of these changes on the gradients in the bark is shown in 
Fig. 5. On the left are shown the changes in the amounts of nitrogen and 
calcium respectively in the Upper and Lower regions of the baric The 
amount of nitrogen and of calcium in both regions increased between the 
first and second collections. After this there was a withdrawal of nitrogen 
and but little change in calcium. The Upper region does, however, show 
a significant increase in calcium between the second and fourth collections, 
but the losses from the Lower region are without significance. Between 
the second and fourth collections the Lower region lost -aS per eeut pf 
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aitrogenj while between the second and third the Upper region lost i6 per 
cent.j these being the maximum losses* As * withdrawal ' is the only 
criterion of storage, it would appear that the Lower region contains a 
greater proportion of storage nitrogen than the less mature Upper region* 
It will be seen that the calcium gradients remained negative throughout^ 
while the nitrogen gradients, though negative at the time of the first 
collection, gradually changed until they became positive. The facts 
recorded indicate that the negative gradient in nitrogen in the bark is due 
to the presence of a steep negative gradient of storage nitrogen that masks 
the positive gradient in translocatory nitrogen. 


Section IV« Variation in Supply (Experiment 3, January 5th, 

1930 - 

In the previous section it was shown that the negative gradient in 
nitrogen in the bark of plants in a vegetative condition is reversed as 
a result of the withdrawal of nitrogen from the bark during boll develop- 
ment. From this it was inferred that the negative gradient is due to 
storage rather than to structural nitrogen. In the present experiment the 
relation between nitrogen supply to the roots and the concentration gradients 
in the bark is explored. It was thought that if the negative gradient in 
static nitrogen is due to storage or reserve nitrogen in the bark of the 
older regions of the stem, then variation in supply might be reflected in 
the steepness of the gradient. When nitrogen is supplied in excess of 
requirement and there is luxury consumption, the gradient might be nega- 
tive; and when nitrogen is the factor controlling vegetative development 
the negative gradient might disappear or become positive. The gradient 
would in fact be a function of the nitrogen supplied to and taken up by 
the root. 

This somewhat naive conception of the relation between the nitrogen 
gradients in the bark and the supply to the roots, if tenable, would enable 
an estimate to be formed as to whether or no nitrogen was present in excess 
of requirement. The underlying assumption is that nitrogen is only stored 
in the’ bark when it is present in excess of requirement, and conversely 
that when it becomes a controlling factor it is all utilized and no storage 
takes place. There would appear, however, to be two possibilities. If 
storage by the vegetative plant is a function of supply, the bark gradients 
ought to be determined by supply. Under conditions of low supply 
storage would not occur and the gradients would be positive. Under 
these conditions, for normal boll development, continuous uptake of 
nitrogen by the roots would have to occur, and the rate of uptake by the 
root might also be a function of supply. The second possibility is that 
storage is unaffected by supply, so that the bark gradients might be 
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negative under conditions of low as well as under conditions of high 
supply. If storage occurs under conditions of low supply, when nitrogen 
is limiting the vegetative development of the plant, boll development need 
not be limited by nitrogen starvation after the cessation of uptake by the 
root. In this case, for the normal development of the bolls the rate of 
uptake of the root might be unaffected by supply. To sum up, if storage 
is a function of supply then the gradients in the bark and the rate of uptake 
by the root might be affected by the concentration in the solution bathing 
the roots* If storage takes place independently of supply, then the 
gradients should be negative even in cases where nitrogen is limiting 
vegetative development, and the rate of uptake by the root need not be 
affected by changes in supply. 

{d) Procedttre. The plants were grown in sand culture. There were 
four different concentrations of nitrogen used in the culture solutions, 
viz. 40, 80, 160, and 320 p.p.m. The sand was thoroughly leached at 
intervals of a week and fresh culture solution added. The main stem was 
divided into an Upper and a Lower region as in Experiment % and the 
nitrogen gradients in the bark between these regions were examined. All 
other parts of the plant, including roots, were collected, so that values for 
the weights of nitrogen and of carbohydrate are available. At the time 
the plants were collected they were five months old. Throughout their 
development they were continually pruned so that they consisted only of 
roots, main stem, and the leaves on the main stem. There were two 
samples for each treatment. Each sample contained twelve plants. The 
results are presented on the sample basis and represent the weights of 
material per ten plants. Concentrations are expressed as grm. per 100 grm. 
water. 

{h) Results. In Fig. 6 we show the effect of varying the nitrogen 
supply to the i*oots on the production of carbohydrate and on nitrogen 
absorption. The first increment in supply caused a large (25 per cent.) 
increase in the weight of carbohydrate and the last an equally substantial 
reduction. Nitrogen uptake, on the other hand, was nearly proportional to 
the change in supply. It will be clear that the range of nitrogen supply 
extended from a state where nitrogen was limiting carbohydrate production 
to one where it was far in excess of requirement. 

The effect of these differences in supply on the concentration gradients 
in the bark is shown in Fig. 7. The actual gradients are on the left of 
the figure and the relative on the right. The relative gradients are obtained 
by expressing the concentrations in the Upper and Lower regions as per- 
centages of the mean concentrations in the two regions. It will be noticed 
that the gradients are negative under conditions of nitrogen deficiency as 
well as under conditions of excess supply. If, as we have suggested, the 
negative gradients are due to storage nitrogen, it would follow that nittogeri 
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is stored in the bark under conditions of nitrogen starvation. It will be 
seen that the relative gradients tend to be steeper where the supply is low 

than where it is liigh« 
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Fig. 6 . Weights of carbohydrate and nitrogen per ten plants and nitrogen 
per 100 grm. dry weight. 


Table III. 

Distribution of Nitrogen and of Water in the Two Regions of Bark. 


Supply p»p.ni. 


40 . 

80. 

160. 

320. 

0 

6 

11 

P 0*10. 

Per cent, in i 

) Nitrogen 

77*17 

75*73 

75-66 

7470 

373 

a*86 

Lower region ' 

( Water 

67*08 

67*49 

68.70 

70*50 

3*07 

2*36 


The distribution of nitrogen and of water in the two regions of the 
bark is shown in Table III. The values recorded represent the weights in 
the Lower region expressed as percentages of the total weights in the two 
regions. The distribution of nitrogen is affected in the same way as the 
relative gradients just considered. The lower the supply the greater the 
proportion of nitrogen in the Lower region. The distribution of water, on 
the other hand, was influenced in the reverse direction. These differences 
are small, however, and do not seem to have any general significance. In 
other experiments in which the supply of nitrogen to the roots was altered/ 
some' of which were carried out in water culture and some in the field, we 
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have found that the distribution of nitrogen is only slightly affected by 
variation in nitrogen supply to the roots. The distribution, moreover^ is 
affected sometimes in one direction and sometimes in another. Nitrogen 



seems to be stored in the bark even when vegetative growth is being 
limited by a deficiency of nitrogen. 


Section V. Discussion. 

{a) Resolution of the nitrogen gradient in the hark. 

That a negative gradient in crystalloid (non-protein) and in total 
nitrogen is more suggestive of the Druckstrom of Miinch (12) [ch Dixon (2)j 
Schumacher (18)] than of a diffusion mechanism of transport wiU- be 
apparent. It should be emphasized that the negative' gradient in^Tptaf 
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nitrogen is due to crystalloid and not to protein nitrogen. If sugar on its 
downward journey to the root was utilized more rapidly than nitrogen, the 
release of water into the wood should lead to an increase in the concentra- 
tion of nitrogen. In this way a negative gradient in nitrogen in the bark 
might arise. 

In the first section of the present paper we alluded to certain observa- 
tions which suggest that this negative gradient in nitrogen may be resolved 
into two components, a negative gradient of relatively static nitrogen which 
masks a positive gradient of translocatory or dynamic nitrogen. In 
Experiment % It was shown that the negative gradient disappeared during 
fruit development and that finally it became positive. This change in the 
direction of the gradient was, moreover, accompanied by a withdrawal of 
nitrogen from the bark, especially from the Lower region. The negative 
gradient is thus due to a greater proportion of storage nitrogen in the older, 
Lower, than in the younger, Upper, region of the bark. The concentration 
in the bark of the vegetative plant at different levels appears to be largely 
determined by the age of the tissue (11). 

{b) The immobility of calcmm. 

Our conclusion as to the Immobility of calcium in the phloem, based 
mainly on ringing experiments, is confirmed by the results presented in the 
present paper. Thus while the development of fruits led to a withdrawal 
of x6 per cent of the nitrogen in the vegetative parts of the plant, there 
was coinddently a gain instead of a loss of calcium. Moreover, the nitrogen 
gradient in the bark swung from markedly negative to slightly positive 
while the calcium gradient remained negative, and the concentration, at 
least in the Upper region, increased throughout development. The uptake 
of calcium by the root suffices for fruit development; it travels via the 
wood (efi 10) and is not withdrawn from the vegetative organs by the 
phloem. 

It is of interest to note that histochemical tests indicate that calcium 
is present in small amounts in the sieve-tube of the cotton plant, an observa- 
tion that does not suggest a mass movement of the contents of the sieve- 
tube. It is, however, possible that calcium is present in the cytoplasm and 
not in the vacuole and that the latter only is in movement [cf. Munch (12), 
Schumacher (19), and Weavers (21)]. 

{c) The withdrawal of nitrogen by the seed. 

The withdrawal of nitrogen from the vegetative body by the develop- 
ing seed may be due, as we have suggested earlier (6), to the maintenance 
by rapid utilization of a low concentration of residual nitrogen in the 
growing ovule. There seems to be a steep gradient in this form of nitrogen 
between the phloem and the young seed* Similarly there ' appears to be 
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a strong positive gradient in sucrose in passing from the phloem to the 
ovule* As residual nitrogen appears to be the mobile form of nitrogen 
and sucrose of carbohydrate, the entry of these materials into the ovule 
would seem to be adequately explained by the Diffusion Theory. 

Flow this withdrawal of nitrogen could occur is more difficult to 
explain on the Druckstromhypothese. Two conditions would have to be 
satisfied. There would in the first place have to be a positive turgor 
pressure gradient from sieve-tube into ovule. As the total sugar con- 
centration as well as the proportion of hexoses appear to be much greater 
in the ovule (6) than in the phloem (9), it seems unlikely that this is so. 
Secondly, as food materials are utilized in the ovule, water would have to 
travel backwards out of the funicle via the wood, for transpiration from the 
ovule would be inadequate for its removal (cf. 12). Food materials not 
utilized would also have to be eliminated via the wood. Moreover, if 
calcium is immobile in the phloem, it would have to be supplied via the 
wood (cf. 10). There would therefore be an upward and not a backward 
movement of water in the xylem of the funicle. For water to move back- 
wards in the xylem of the funicle, the suction pressure in the ovule should 
be low. As, however, the concentration of total sugars in the ovule is 
greater than elsewhere in the plant, suction pressure and turgor pressure 
should not both be low. 

id) Storage and supply. 

The storage of nitrogen in the bark, as indicated by the existence of 
a negative gradient under conditions of nitrogen starvation, would seem to 
fall into line with the facts of carbohydrate storage in tubers, &c., for there 
can be little doubt that starch is deposited in such organs even when 
carbon assimilation is the controlling factor. Carbohydrate storage in the 
foliage leaf would appear to be different. We have found, for instance, 
when nitrogen supply is controlling vegetative development, that there may 
be an abundance of starch in the leaf at dawn. In this case the nitrogen 
in the plant body is apparently inadequate to utilize all the carbohydrate 
produced in the leaf during the previous day. Nitrogen and not carbo- 
hydrate is evidently limiting growth. On the other hand, we found that 
when nitrogen was supplied in excess of requirements (luxury consumption) 
the leaf was completely devoid of starch at dawn. The starch content of 
the leaf at dawn varied inversely, under the conditions of our experiment, 
with the supply of nitrogen. It would appear that in considering the 
relation between storage and supply that the organ of the plant must be 
taken into consideration. In the leaf, the normal source of supply for 
phloem mobile substances, storage materials may only be present at dawn, 
when ' they are present in excess of requirements. Much will, however, 
depend on the extent to which movement out of the leaf is polarized 

Aa 
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(cf. 15). In other organs, which we may term ‘ sink ’ organ.s, storage may 
occur even when the particular material i.s the minimum or controlling 
factor. If we were able to characterize chemically the storage or reserve 
nitrogen compounds of the leaf in the way that we can starch, we might 
be in a position to say whether or no nitrogen wa.s present in excess of 
requirement. 


Section VL Summary. 

1. Curtailment of nitrogen supply to the roots limits the development 
of the young tissues and organs at the apex. Nitrogen travels from the 
mature leaves and petioles upwards to the young leaves and the stem. It 
also travels to the bark and wood of the older parts of the stem, which 
increase their concentration of nitrogen. As there is no withdrawal of 
nitrogen from the bark, even though nitrogen starvation is limiting the 
development of the tissues and organs at the apex, there is no suggestion 
that the negative gradient in the bark contains a storage component. 

a. As flowering proceeds and bolls develop, nitrogen is withdrawn 
from the vegetative parts of the plant. For the bark this loss is relatively 
greater from the Lower than it is from the Upper region of the stem. 
Coincident with this withdrawal there is a change in the direction of the 
concentration gradients. At the beginning of the flowering cycle the con- 
centration in the Lower region greatly exceeds that in the Upper and the 
gradient is negative. At the end of the flowering cycle the concentration 
in the Upper region is slightly in excess of that in the Lower region and 
the gradient becomes positive. From these observations it is inferred that 
there is a greater proportion of storage nitrogen in the Lower regions of 
the bark than in the Upper regions and that the original negative gradient 
consists of a steep negative gradient of relatively static storage nitrogen 
and a less marked positive gradient of translocatory nitrogen. 

3. During boiling there is no withdrawal of calcium from the vegetative 
plant, nor from any of its tissues or organs, and the concentration gradients 
in the bark remain negative. It is concluded that calcium Is not normally 
in movement in the phloem. 

4. The nitrogen gradients in the bark remain markedly negative under 
conditions where nitrogen is limiting vegetative development. They are 
also markedly negative under conditions where nitrogen supply is in excess 
of requirement. It is inferred that the storage of nitrogen in the bark is 
unaffected by supply. 
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Piegetropism and the Statolith Theory.’ 


BY 

F. M. HAINES, Ph.D. 

With fotir Figures in the Text, 

R ecent work on the mechanism of geoperception has been directed In 
w the main along such channels as are suggested on the basis of the 
hypothesis that curvature is the result of the production and action of 
growth accelerating or inhibiting hormones. Many substantial points in 
these directions have no doubt been established. Since, however, the pro- 
duction of hormones and the alterations in permeability occurring accord- 
ing to this conception must evidently be very secondary effects, it appeared 
to the writer that the more immediate effects of the stimulus merited more 
attention than they seemed to be receiving. 

The only strictly primary effect of gravity which has been put forward 
appears to be that embodied in the original Statolith Theory of Haber- 
landt and Nemec, and the present work was undertaken with a view to 
obtaining a new line of evidence for or against the truth of the statolith 
theory. Some new lines of support for this theory have recently been 
developed by Hawker (1) and these together with the considerations and 
experiments here brought forward appear to show almost conclusively that 
the first effect must be of the type which would be executed by a statocyte 
apparatus. What remains to be shown is the nature of the connexion which 
must be supposed to exist between the movements of statoliths and the 
alterations in permeability or the production of hormones. 

The present line of investigation depends upon determining the 
responses of organs to changes in their velocity. A movement described 
as piegetropism is found to exist in response to this type of stimulus. The 
considerations which led to the investigation of this movement as a means 
of finding support for the statolith theory will be apparent from the follow- 
ing line of argument. 

According to the statolith theory it is supposed that the first effect 
of gravitational stimulation is to bring about a redistribution of the denser 
and less dense contents of the protoplast, denser matter or particles tending 
to be displaced downwards towards whichever side of the cell happens to 
be the lowermost According to the same principle particles less dense 

^ From The Botanical Department, East London College. 

{Annals of Botany, Vol. XLYIH. No. CXC. April, 1934.] 'V 
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than the sap in which they are suspended would be expected to be dis- 
placed upwards, the immediate subsequent effects of the redistribution in 
either case being possibly due to mechanical pressure on certain regions 
of the protoplast, to the conveyance of electrical charges, or to other con- 
ceivable causes which, however, at the present stage are purely conjecturaL 
Leaving these for the time being out of account, however, it does appear 
that although the application of the statolith theory is necessarily limited 
to the explanation of the first effect in the chain, this theory must be funda- 
mentally correct in principle as far as it goes. 

We know of no effective property of gravity which could be operative 
in this connexion other than that it acts as a force capable of causing an 
acceleration in a body free to move under its influence. It would therefore 
appear that the only possible way in which it could exert its first effect 
upon the protoplast must of necessity and can only be by causing a redistri- 
bution of the denser and less dense movable constituents of the protoplast 
on some scale or other, denser particles or masses sinking and less dense 
particles or masses rising relative to the medium in which they are 
suspended. All other effects must be secondary to these. 

It has been claimed that other possible modes of action or effects of 
gravity exist besides those due to its ability to accelerate a mass. A 
gravitational field, for example, is capable of deflecting the paths of various 
radiations, and a temperature effect has also been described. All such other 
effects of gravity which have been satisfactorily proved to occur at all, 
however, are infinitesimally small and in any case, as in the deflexions of 
the paths of radiations, resolve themselves into secondary effects of the 
primary capacity to accelerate a mass. The only proven effect of gravity 
is therefore that of accelerating a mass. ^ 

The redistribution of the particles or masses of different densities may 
be supposed to take place during stimulation in nature and in laboratory 
experiments on geotropism because the particles alone are free to be 
accelerated and move while the cell structure is rigidly supported and 
immovable. The upward thrust of the support neutralizes the force of 
gravity on the walls, so the movable particles are accelerated relative to 
the walls and the rest of the cell, and therefore relative to the medium in 
which they are suspended. 

Now if the idea that curvatures are the indirect result of such a dis- 
placement of masses which sink or rise through the protoplasm be cor- 
rect, it should theoretically be possible to cause curvatures in growing 
organs similar to geotropic curvatures, not only by accelerating the 
particles relative to the cell, but also by accelerating the cell relative to 
the particles. The effect should be the same ; the mode of application 
of the relative acceleration diffei'eiit. If, therefore, a method can be 
'/devised whereby the whole cell Is accelerated,, but freely movable particles 
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do not experience a similar acceleration and this leads to curvatiireSj 
it may be taken as evidence that the curvature depends upon the dis- 
placement of movable particles or masses in the cell 

If, for instance, a sudden acceleration were applied to the cell or the 
whole organ, the particles, being only suspended in a more or less liquid 
phase, would not be accelerated to the same extent as the rigid structure 
but would tend by virtue of their own inertia to lag behind. The greater 
the acceleration of the whole cell or the more sudden its change in 
velocity, the more pronounced would be the lagging and the greater the 
resulting displacement of the particles through their own inertia, while the 
smaller the acceleration the smaller in proportion would be the lagging 
effect. 

This effect can be easily demonstrated by a system of steel balls In a 
flat-bottomed vessel containing oil or glycerine. If such a system be moved 
suddenly from rest there is displacement of the balls which lag behind, 
but if accelerated very slowly there is practically no displacement owing to 
the viscosity of the medium. Similarly, if the system already in motion 
be stopped suddenly there is overshooting of the balls, but if slowly brought 
to rest there is no such displacement. 

If now such a system be repeatedly accelerated quickly in one direc- 
tion and slowly in the opposite direction alternately, the successive effects 
on the displacement will be cumulative, and eventually all the balls or 
particles will be found on the side of the vessel or cell to which the greater 
accelerating force is applied. This can be shown by repeatedly tapping the 
system of balls in glycerine on one side, the container being mounted on 
rubber in such a way that the rubber support provides a weaker restoring 
force, bringing the system back to its original position relatively slowly 
between the successive taps. The tapping is best done by means of an 
electric bell mechanism, when the balls will accumulate on the side which is 
tapped. A satisfactory model for demonstrating the movement can be 
made by mounting a small circular flat-bottomed glass container on one 
end of a flat brass arm placed horizontally and mounting the arm between 
two I inch lengths of thick-walled rubber tubing on a vertical threaded 
steel rod passing through a hole in the other end, nuts being placed above 
and below the lengths of tubing. Displacements tangential to the steel 
rod caused by tapping the sides of the container then cause a torque in the 
rubber tubing supports which restores the container to its mean position. 
A diagram is given in Fig. i. 

Now if we are justified in assuming the existence in the cell of a 
system in any way comparable in its mode of action with the above 
system, repeated alternate acceleration of an organ rapidly in one direction 
and slowly in the other should cause’ a similar .displacement of thev/,^up^ 
posed particles in the protoplasm and therefore a curvature. 
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This has been tried experimentally on bean roots by a number of 
methods in several series of experiments, and from these it appeals that 
sudden changes in velocity do produce curvatures. A sudden change In 



Fig. j. Model for demonstrating mo\'ements of steel balls on tapping container. A and 
plan : C elevation. A, electric bell mechanism tapping side of circular container mounted on 
brass arm b. The container contains steel balls, <2 on a glass bottom,/*. The arm, bj is mounted 
on a steel pillar, f, dxed vertically on a base, being lose on the pillar but held in position between 
the lengths of rubber tubing, d d. The balls, a travel to the side which is tapped* 


velocity is conveniently brought about in practice by the agency of a blow 
on the organ, or better on its support, so curvatures brought about by this 
means, as it is convenient to have a separate term for them, have been 
termed pUgetropic (Gr. nXyiyx] = a blow). The phenomenon is therefore 
termed plegetropism. It may be defined as a growth movement due to 
the cumulative effect of sudden changes in velocity of the whole organ. 


Experimental Methods, 

Precautions. In experiments to demonstrate plegetropism various 
special precautions are necessary. 

I, When the beans are placed in a container the container must be as 
small and light as possible in order that its change of velocity on the 
impact may be sudden. The inertia must be as little as possible and it 
must move sharply when tapped. 

3. The container must be easily free to move on the impact and 
mounted, for instance, on rubber which will bring it relatively slowly back 
to its original position between the blows. 

. 3. The container must be perfectly level except when, as in some 
experiments, it is mounted on a Winostat. 
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4 . The roots must be short and stiff at the beginning of the experi- 
ments and not be long or flexible or the tips may not undergo a sufficiently 
sudden change in velocity on the impact. 

5. The beans for the purpose must be soaked in a vertical position as 
the radicles appear to be geotropic as soon as they are soaked — while they 
are still in the seed before emerging. The dry beans are therefore first 
drilled through with a small twist drill in two places and pinned through 
these holes to a cork slab in such a position that the radicles are exactly 
vertical The whole slab is then immersed in water, being kept carefully 
the same way up. After twenty-four hours soaking it is transferred to 
moist air in the same position, the roots thus never departing from the 
vertical position from the time they are first wetted to the time they are 
placed on the experimental apparatus. It is also desirable to place moist 
blotting-paper on both sides of the beans while in moist air or they may 
later curve hydrotropically through the influence of the wet paper or cork 
only on one side. 

Methods of experiment and results. The several series of experiments 
are described below, the results of all the series being given in Table 1. 

Series o. 

In this series steel balls in glycerine were placed in a light metal 
container mounted on a rubber band and on one side of which an electric 
bell clapper was allowed to operate. The results were invariably strongly 
positive, the balls always wandering to the side which was tapped. 

Series i. 

Three preliminary experiments were tried with broad bean roots 
mounted as in Series o. All the roots showed strongly positive curvatures, 
curving towards the side which was tapped.^ These experiments, however, 
required from six to twenty-two hours’ stimulation as the stimulus was 
relatively weak, so another method was resorted to to give a stronger 
stimulus. 


Series a. 

In this series of experiments the bean roots were mounted in a small 
container (lined with wet blotting-paper) on the end of a metal arm which 
was pivoted at the other end and repeatedly moved in one direction by an 
electrically driven cam mechanism and then allowed to be pulled back 

^ It will be observed that in order to bring the terminology into line with that used in con- 
nexion with geotropism plegetropic curvatures are spoken of as positive when the curvature is 
towards the side which is tapped and negative when away from it. In both cases then the curvature 
is reckoned as positive when towards the side to which denser matter would be expected to b® 
placed on the assumption of a statolith apparatus. 



Table I, 
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against a stop by a strong spring after each rotation of the cam. The 
essentials of the arrangement are indicated in Fig. 

Nine experiments were performed with this type of apparatusj the 



Fig. 2. Apparatus used in Series 2. The cam, <2, is rotated approximately once a 
second by an electric motor with worm gearing. This causes the push-rod, b to slide in the guides, 
cc, displacing the vertical metal arm, <?, to the right. The arm, is mounted on a base, carrying 
also a spring,y, which when bh is released by <z draws the ann,<?, to the left against the stop, g. The 
action of the stop provides the stimulus causing a bean root in the container, 4 to curve towards the 
side of the stop. 


mean position of the root being the vertical, with the result that one gave 
a slightly negative curvature, two a slightly positive curvature, and the 
remaining six were strongly positive. 

It will be noted that in this type of experiment the sudden change in 
velocity causing the curvature is brought about by the stop when the 
system is brought to rest. The principal acting displacement of supposed 
particles would then be an overshooting towards the side oFthe stop. 
Curvature towards this side is therefore reckoned as positive. 

Series 3. 

In this series a bell clapper mechanism was used as in Series- x„wfth: 
the difference that the whole apparatus was mounted on the klinosfat to 
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eliminate the simultaneous effect of gravity, but the clapper was only allowed 
to act directly on the roots instead of on a container. The roots were thus 
kept rotating while through a slip-ring contact device the bell clapper was 



Fig. 3. Apparatus used in Series 4. The klinostat axis, <7, carries slip rin};^s, hb, 
making contact with the brushes, cc^ and conveying current to the bell mechanism, d. The re- 
volving axis also carries a base board, on which is mounted in addition to a rubber band, e e, 
fixed to the base only at the points, On the centre of the rubber band is mounted the con- 
tainer, enclosing the bean, h. The root curves towards the side of the container tapped by the 
bell mechanism, d. 


allowed to act directly against the experimental root and simultaneously 
(as a control against thigmotropism) to stroke another one placed at right 
angles to it. 

Whereas the controls showed only a relatively slight thigmotropic 
effect, 31-5 per cent, failing to curve and 37 per cent, curving positively as 
against 31*5 per cent, curving negatively, the experimental roots showed 
per cent, failing to curve and only ii per cent, curving negatively as 
against 63 per cent, curving positively, most of them strongly. Of those 
curving therefore only 54 per cent, were positive in the controls and 86 per 
cent, in the experimental roots (Table I). The experiments indicate that 
a plegetropic curvature is responsible but are not free from the objection 
that injury may be caused or that the thigmotropic stimulus may be greater 
in one case than in the other. 


Series 4. 

In this series a similar device was used to that in Series 3 with the 
roots mounted on the klinostat and the bell mechanism operated through 
a slip-ring contact, but the beans were placed in a small light container 
mounted on rubber and the clapper worked only on the container instead 
of directly on the roots (Fig. 3). This arrangement overcomes the objec- 
tions to the experiments of the last series and the results are still more 
of the existence of the plegetropic capacity for response, 16 per 
cent, failing to curve, only 10 per cent, curving negatively, and 74 per cent, 
being positive (Table I). 
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In experiments of this type, however, the most marked results were 
obtained with a stimulation time of about sixteen to eighteen hours, the 
roots being examined after a further twelve hours' simple rotation on the 
ordinary klinostat. The experiments were therefore inconveniently long 
(hence the relatively small number of experiments) and in the later experi- 
ments therefore an apparatus was resorted to which would give results in 
a shorter time and at the same time eliminate the simultaneous effect of 
gravity. This apparatus is termed the Impact Klinostat. 


The l7npact Klinostat. 

In this apparatus the beans are continuously rotated about a hori- 
zontal axis as on the ordinary klinostat, but instead of being mounted 
directly on the klinostat axis are mounted on a carriage which slides upon 
a guide fixed to the end of the rotating axis and placed diametricall}’ 
across it. The carriage is repeatedly displaced slowly along the guide by 
a cam mechanism and caused to return to its original position by the 
action of a spring. On reaching its original position it is suddenly checked 
by a stop. By this means the beans, although rotating as on the ordinary 
klinostat to prevent curvatures due to gravity, are repeatedly accelerated 
alternately, relatively slowly in one direction and suddenly in the opposite 
direction. The relatively slow accelerations towards one side are produced 
by the spring and the sudden (negative) accelerations alternating with 
these towards the opposite side by the action of the stop. The cam causes 
and allows only relatively slow accelerations in both directions and really 
only serves to compress the spring ready for the next impact without 
instituting a sufficiently rapid acceleration to affect the bean or cause a 
curvature. The speed of the axis is ten revolutions per minute. This 
causes eighty impacts per minute, the cam having eight teeth. A diagram 
of the mechanism omitting unnecessary detail is given in Fig. 4. A shock- 
absorbing mechanism is incorporated in the drive in order that the impacts 
may not damage the worm gearing through which the axis is geared down 
from the electric motor which drives the klinostat. The mean tension in 
the spring was kilogrm. wt. and the mass of the moving parts 
approximately 100 grm. 

With this apparatus experiments have been carried out on upwards of 
700 bean roots with the mean net result that of these %% per cent, failed to 
curve at all, 19 percent, curved negatively, and 53 per cent, showed positive 
curvatures. That is to say, that of those curving at all 73-5 per cent, curved 
positively. Actually, however, this is understating the case for positive 
curvatures since the positive curvatures obtained were on the average much 
stronger and more pronounced curvatures than the negative one^. The 
detailed results will be found in the table (Table I). 
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Fig. 4 - Diagram to show the action of the Impact Klinostat, The svnndle of the niotor^ 
.4, carries a worm, driving the worm wheel, (7, mounted on the coimtershafl, /), which also 
carries a pinionj E. The pinion, ^5*, drives the larger toothed wheel, B\ in which, are cut the slots, 
//, and which revolves freely on the central axis, G. A brass arm,/ /, is mounted rigidly on the 
central axis, (7, and carries two pins, ////, engaging in the slots, //, in the toothed wheel, so that 
A* drives the central axis indirectly by driving the pins, B 11^ and therefore the arm, /. The central 
axis passes through the large cam, X, which has eight teeth and is fixed by the two bolts, T T. The 
axis carries on its front end the diametrically placed guide rod, XT, on which slides the carriage, 
to which the container containing the beans (not shown) is fixed at X". As K revolves about the 
axis, the wheel, (?, pivoted on the radius rod, P, rides over the teeth of the cam, repeatedly 
drawing M by the rod, along the guide away from the stop, d', and compressing the spring, K. 
When 0 passes over a tooth on the cam M is returned to the stop, A, by the spring, F, the impact 
providing the stimulus. The slight advancement of the axis necessary for this movement to lake 
place sharply as 0 falls off a tooth is permitted by a movement of the pins, //XT, along the slots, 
//. The pins immediately return to the ends of the slots as the drive catches up the slightly 
advanced axis. Q, a lug on the guide rod, to carry the pivot, 7f, of the radius rod, P* Stand 
and supports not shown. 
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It will be evident from the table that the results show a distinct bias 
in favour of positive curvature which is decidedly beyond the limits of 
chance and error. Since such results of plegetropic stimulation could 
apparently only be brought about by a statolith type of mechanism they 
appear to furnish evidence for the existence of a mechanism of this type in 
the cells and therefore to support the view that such a mechanism also 
plays a part in connexion with the response of roots to gravity. 

A further interesting point, however, emerges from tlie results, and 
that is that although the supposed plegetropic redistribution of particles 
can easily be copied in various ways by mechanical and physical models as 
with steel balls in oil or glycerine as long as the particles are solids, it has 
not been possible in any way to obtain this redistributing effect of sudden 
changes in velocity in systems where the movable particles were gaseous 
or liquid. All attempts have failed to demonstrate a redistribution in this 
way of bubbles of gas in oils or vaseline, for example, or of drops of oil on 
water, and so on. This would suggest that, since roots appear to have the 
capacity of plegetropic response and since redistribution by this agency Is 
not effected in systems containing droplets of liquids in other liquids of 
different density, the supposed redistributed particles in the case of the root 
must be solids and not liquids, or composed of substances relatively more 
solid than the surrounding medium. 

It is easy to imagine that the effect in the case of liquid drops will be 
less pronounced since a sudden change in velocity of the medium will be 
expected to lead not so much to a mere jerking of the denser medium past 
the bubble or drop but to a deformation of the drop in which it will expand 
laterally in such a way as to prevent or at least impede and reduce the 
passage of the liquid of the medium round its edges. 

The effect will therefore only be expected to be marked in the case of 
solid particles, and the experiments would indicate that the first effect of 
either a plegetropic or geotropic stimulus is to bring about the displace- 
ment of particles in the protoplasm which must be relatively solid in nature 
and not relatively liquid.^ 

It may be pointed out lastly that the ordinary experiments on centri- 
fugal force also support the view that the first effect is a mechanical 
displacement of masses, since in these experiments it would again be 
actually the cell w^hich is accelerated and not the particles. A more correct 
picture of the action of rotation is obtained if we insist not so much upon 
the centrifugal force which is experienced by the particles by reason of 
their own inertia, but upon the centripetal acceleration which is actually 

^ The experiments do not of course rule out the possibility of systems containing liquid particles 
* also playing a part in the case of geotropism, but show that the observed capacities for xeSpoiise cUn 
be accounted for independently of these on the basis of systems containing solid particles alone, at 
least so far as the first stage in perception is concerned. ; : : 
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applied to the cell. The cell here again is really accelerated as in the 
present experiments, and as in these experiments the supposed particles can 
only be displaced by their own inertia, tending to continue to move (if more 
dense than the medium) tangentially away from the axis of rotation. 

All the evidence therefore supports the view that curvature must be 
the indirect result of a mechanical redistribution of denser and less dense 
matter in the protoplast, the redistributed matter being relatively solid. 

Summary. 

Experimental evidence is given for the existence of a plant movement 
known as plegetropism in response to sudden changes in velocity of the 
organ. 

It appears that it must be brought about primarily through the 
mechanical redistribution of particles in the protoplasts. 

The existence of such a movement is taken as evidence for the 
fundamental truth of the statolith theory of geotropism. 

Since particles which are liquid in nature are not perceptibly redistri- 
buted in this way it appears likely that the particles redistributed in this 
movement and in geotropism are relatively solid. 
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Introduction. 

I T is well known that the respiration of the leaves detached from plants 
and kept in the dark decreases, at first rapidly and then slowly ; this 
decrease being presumably due to lack of respirable material. Ultimately 
the course of the curve runs almost parallel to the abscissa-axis for a con- 
siderable time, which varies according to the nature of the leaves. It has 

{Asinals of Botany, Vol. XL VIII. No. CXC. April, 1934.I 
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been proved in F. F. Blackman’s laboratory that the respiratory mechanism 
in cherry laurel deteriorates but slowly as the starvation proceeds^ 

While investigating further the question of starvation of the green 
and albino leaves of Aralia sp. (garden plant), it was noticed that brief 
exposure to light of both green and albino leaves raised the rate of 
respiration. 

Several workers have observed the influence of light on respiration. 
Thus, an indirect relation between light conditions and respiration was 
discovered by Borodin ( 3 ). He found that theiespiration of a leafy twig 
decreases if the twig is kept in darkness, but increases again if it is once 
more illuminated. He offered the explanation that by exposing the leaves 
to light, carbon assimilation is restarted, and thus some carbohydrates are 
formed, which promote the respiratory activities. 

Bonnier and Mangin (2) found that there is a direct effect of light on 
respiration, but this effect is very slight. If plants are placed in darkness 
and in light alternately, there is a retarding effect on respiration, and they 
observed that it has no relation with photosynthetic activity, since it can 
be demonstrated in plants without chlorophyll. 

Maximow (7) studied the effect of light on Aspergilhis niger^ and 
showed that it has a direct effect on respiration, which varies with the age 
of the culture and the nature of the nutrient medium. He observed that 
when the culture medium was rich in nutrient material, there was no effect 
of light, but when the medium was deficient the effect was markedly 
seen. As these plants are devoid of chlorophyll, there can be no question 
of assimilation. Lowschin (5), however, found no influence of diffuse light 
upon the rate of respiration in various fungi. 

With a view to probing further into the question of influence of light 
on respiration, this investigation was undertaken. 

After this work was begun, Masure (6) studied the effect of ultra- 
violet radiation on growth and respiration of pea seeds, and has shown 
that the rate of respiration of etiolated pea seedling is temporarily increased 
by subjecting them to ultra-violet radiation. 

Material and Method. 

(i) The experimental leaf* All the leaves used throughout this 
investigation were taken from a particular plant, which was growing in the 
laboratory garden under a shady tree. Sufficient care was taken to select 
leaves of the same age. As far as it was practicable, the leaves were 
always taken from the same side of the plant. In all cases the leaves were 
isolated from the plant at 9*3^ a.m. Soon after the leaves were picked, 
they were weighed and then kept in the respiration chamber with their 
petioles dipping in water. 
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(ii) The leaf chamber. A rectangular museum jar was used as the 
leaf-chamber. Two medium size circular holes, one near the top and the 
other near the base, were bored on the two narrow faces of the jar: 



Fig. I. Arrangement for exposure of leaves to light. A, box containing lamp; /, filter; 
B, trough full of water in which the respiration-chamber is immersed ; c, front view of this 
respiration-cliamber showing the inlet and outlet for air-current. 


the former served as the outlet and the latter as the inlet for the air current 
when fitted with necessary glass and rubber connexions. 

This glass leaf-chamber was fixed to the base of a large rectangular 
trough (Fig. i) having a capacity of about %o litres. The distance between 
the frontal walls of the leaf-chamber and that of the trough was i in. 
A current of water was kept flowing in the trough to keep the leaf- 
chamber at a constant temperature of C, 

Experimental. 

(i) Exposure of the leaves to different lights. For exposing the leaves 
to white light a 6o:watt Philip's Argenta biiib was used. This bulb was 
placed at a distance of lo in. from the leaf in the chamber. The heat rays 
were cut off by a screen of running water as described above. 

The blue, violet, and the red light were obtained by using Wratten 
filters, supplied by Messrs. Baird & Tatlock (London), Ltd. For using these 
filters a wooden box was used with a window facing the leaf-chamber to 
which the filters could be fixed when required. These filters transmit 
almost pure monochromatic lights. The same intensity of light was used 
in all cases. 

The period for which the leaves were exposed to different lights varied 
from seven and a half minutes to two hours. 

(ii) Estimation of carbon dioxide. The estimation of carbon dioxide 
was made by the usual continuous current method, using a measured 
quantity of baryta water for the absorption of the respired carbon dioxide^ 
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and then volumetrically estimating the unspent baryta water with hydro- 
chloric acid of known strengths All estimations were made under identical 
experimental conditions. The carbon dioxide respired was measured 
every two hours, and the rate was calculated per it) grm. of fresh weight 
of the leaf. 

(ill) Estimation of sugar in the starving leaves before and after 
exposure to white light. Two leaves practically of the same age and from 
the same side of the plant were picked at 9.30 a.m. They were kept, 
with their petioles dipping in water, in a chamber through which a con- 
tinuous current of air was drawn, and which was maintained at a constant 
temperature of C. After the leaves were thus treated for six hours, 
they were weighed and again put back in the chamber. After ninety-four 
hours of starvation both the leaves were taken out in dim red light. One 
of them, which served as the control, was at once dropped into freely 
boiling water, and the other was exposed to white light for 7-5 minutes, 
under the same experimental condition as those leaves which were kept for 
studying the respiration. Immediately after the exposure of the leaf to 
white light, it was also dropped into boiling water. The control and 
the experimental leaves were then treated separately. After boiling the 
leaves in water for over thirty minutes, they were thoroughly crushed in 
a mortar till a very fine paste was obtained. The water in which the 
leaves were boiled was used in making up the volumes of the two leaf- 
pastes. The filtrate which contained the sugars was freed from impurities 
in the usual way by adding lead acetate and subsequent de-leading. The 
final filtrate was concentrated on a water bath. The solutions so obtained 
were filtered for the last time, and each of them was made up to 25 c.c. 
These leaf-extracts were then tested for sugar by Calvert’s method (4). 

Results. 

(1) Relation between the length of exposure and the effect. There is 
no relation between the length of exposure and the amount of the after- 
effect. Exposure for seven and a half minutes produces as large a respi- 
ratory effect as that for two hours. 

(2) Relation to the size of the after-effect of the period of starvation 
preceding exposure to light It is found that in the early stages of starvation 
exposure to light does produce no rise in the respiratory rate. As the period 
of starvation increases, the effect appears and becomes more and more 
marked, and ultimately declines again. In Fig. 2, the ratios between the 
pre-exposure and the post-exposure rates of respiration are plotted against 
the period of starvation preceding exposure. It will be seen that there is 
a rising drift from about the 45th hour till the looth hour, and then the 
ratio becomes steady till the 200th hour, to fall again with longer 
starvation. 
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(3) Relation bettveen the nature of light and respiration. Exposure to 
red light has no effect on respiration, while blue and violet lights raise the 
respiratory rates in the same way as white light. In Table I the results 



Fig. 2. Showing the drift of effect of light on respiration as starvation advances. 


are arranged according to the nature of light used at about the same stage 
of starvation. 




Table I. 

The after-effect. The 

Hours of 

Nature of 

Time of exposure 

difference between the 

starvation. 

light used. 

in minutes. 

pre- and post-exposure 




rates. 

96 

White 

7*5 

1*40 

96 

White 

1 8*0 

I- 3 S 

96 

White 

12-0 

1*30 

94 

Violet 

7'5 

2*53 

94 

Violet 

7*5 

2*45 

94 

Violet 

7*5 

2*70 

94 

Blue 

7*5 

1*25 

94 

Blue 

7*5 

1*20 

96 

Red 

120*0 

Nil 


( 4 ) Effect of exposure on the amount of reducing sugar in the leaf 
Leaves were analysed before and after exposure to light for a definite 
period (7*5 minutes), and the amounts of reducing sugars noted. It was 
found that leaves exposed to light contained more reducing sugar than the 
unexposed leaves at the same stage of starvation. The results are given 
in Table II. 

As the same result was obtained in the case of green as well as albino 
leaves, presumably there was no question of photosynthesis. However, to 
settle this question, some experiments were made on the assimilation of 
variegated leaves which had been starved for seventy-two and ninety •six 
hours respectively. The results given below (Table III) show that, at that 
stage of starvation, there is no assimilation even in the case of yariegated 
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leaves* Clearly, therefore, any possibility of photosynthesis in albino 
leaves is precluded, although respiration is affected in both cases when 
the leaves are exposed to light This assumption is strengthened when 
chlorophyll is extracted from the variegated and albino leaves. The albino 
leaves have very little chlorophyll. 

Table IL 



Amount of sugar in 

Amount of sugar in 


Weight of leaf 

unexposed leaf 

exposed leaf (7*5 

Rise of sugar due 

used. 

after 96 hours of 

mins.) after 96 hrs. 

to light effect. 


starvation. 

of starvation. 


gr. 

grm. 

grm. 

grm. 

10 

o-ooo6 

0-0040 

0*0034 

10 

O'OoiS 

0-0056 

0*0038 

10 

0*0020 

0-0062 

0*0042 

10 

0-0024 

0-0055 

0*0031 

10 

0*0021 

0*0058 

0*0037 


Table III. 


Hours of 
starvation. 


Percentage 

ofCOs 

used. 


C./ 


VoL of gas 
passed through 
the chamber 
per two hours. 


c.c. 


Total amount 
of CO2 de- 
tected by 
baryta water. 

c.c. 


Total amount 

of CO2 re- Assimilation, 
spired. 

c.c. 


72 I 2000 33*4 

9b I 2000 23*1 


3'4 nil 

3*1 nil 


Discussion. 

From what has been written above, the following points emerge which 
require explanation, namely : 

{a) In the early stages of starvation up to about sixty hours, exposure 
to light has no effect on respiration. This period varies, but is never 
below forty hours. After that, exposure to blue and violet light raises the 
respiration, while red light has no effect, 

{b) The effect goes on rising up to a certain stage of starvation and 
then falls. 

(r*) In the case of albino leaves the whole phenomenon is shifted 
back, i.e. the light effect is produced earlier than in the case of green or 
variegated leaves. 

{d) Exposure to light produces an increase in the reducing sugars, 
although there is no likelihood of assimilation. 

The fact that only blue and violet lights produce any effect indicates 
that the action may lie in making available some unknown reserve for 
the purpose of respiration. F. F. Blackman (1) has suggested a scheme 
for the various steps in glycolysis. It is difficult to say from the data 
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whether any of these steps is affected by light. Probably the hydrolytic 
phase is affected. This would explain the increase in the amount of 
reducing sugars in the cells after exposure to light If the effect of light 
consists in accelerating one of the stages in glycolysis, then it is clear that 
when the leaf is put in the dark, the supply of respirable sugar is cut off 
and the rate in respiration falls. 

It becomes difficult, then, to explain why light has no effect on respi- 
ration for the first forty hours or so. The rate of respiration in the Aralia 
leaves begins falling after about six hours in darkness. If the fall is 
simply due to depletion in the cell of respirable sugar and defective supply 
from the reserves, then light should produce an effect as soon as the respi- 
ration starts falling, but this is not the case. The effect of light cannot, 
therefore, consist merely in accelerating glycolysis. 

The second possibility is the change in permeability in the cell. When 
the leaves are put in the dark the permeability in the cells is reduced, and 
respirable sugar does not find easy access to the respiratory centre. Light 
is known to affect permeability, and it is likely that it does so in this case. 
This again cannot explain why light has no effect during the early stages 
of starvation. 

The third possibility is that light activates the enzymatic system of 
the cells, which is concerned with respiratory process. This explains why 
light effect is perceptible only after a certain period of starvation. Light 
does not produce any effect till the system has run down sufficiently low. 
It is significant that evidence has been gathered in F. F. Blackmaffs 
laboratory that in cherry-laurel leaves the respiratory system starts 
deteriorating after being in the dark for about forty hours, and in the 
experiments here recorded the effect is not perceived before that period 
of starvation. 

One more point deserves mention here. Spoehr has found that in 
cacti the higher saccharides increase in the dark (8), while the hexoses 
decrease at the same time. This may possibly mean that {a) hexoses are 
used up in oxidation, or {b) part of the hexoses are built up in the dark 
into higher saccharides. If the latter possibility occurs in the leaves kept 
in the dark, then the depletion of respirable sugars in the leaf-cells, and 
consequent fall in the rate of respiration, is caused by 

(i) oxidation ; 

(ii) building up into higher carbohydrates ; 

(iii) sluggish hydrolysis which may be, partly at least, due to deteriora- 
tion of the enzyme-system. 

In conclusion, we wish to express our thanks to Professor R. H. Dastur 
of Bombay, for generously sending us his unpublished work on the method 
of sugar analysis, and to Mr. T. C. N. Singh of this college for his help in 
preparing the manuscript 
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Summary. 

The effect of light on leaves starved in the dark was studied. It is 
found that short exposures to light raises the rate of respiration, but this 
effect is not observed in the early stage of starvation extending up to forty 
hours or more. 

Red light has no effect, while blue and violet light affect the respira- 
tory rate in the same way as white light. 

The effect increases for some time with the advance of starvation, 
then becomes steady, and finally declines. 

Analysis shows that short exposure (7-5 minutes) to light increases 
the sugar content of the leaves. 

This increase is not due to photosynthesis, as starved leaves have been 
found incapable of assimilation. 

It is suggested that light increases the respiration by means of one or 
more of the following : hydrolysis of the reserve, activation of the enzyme 
system or change in permeability of the cells. 
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Introduction. 

Z OBOSTEMON is a cliaracteristic genus of the flora of South Africa, 
closely related to the northern Echiim. In fact, so close is the 
relationship that most of the species of Lobostemon have at one time or 
another been included in Echium, As recently as 19^4 I. M. Johnston, in 
his studies on the Boraginaceae ( 4 ), failed to find any justification for 
retaining the genus Lobostemon, his conclusions being based on a careful 
study of the accounts of the species available at that time. Since then a 
detailed investigation ( 5 ), based on a first-hand knowledge of the plants, 
has shown that nearly all the descriptions of species are inadequate and in 
many cases erroneous. Consequently any accurate definition of the genus 
has been impossible hitherto. In addition to retaining the genus, a small 
group of species has been considered sufficiently distinct for promotion to 
generic rank, and a new genus, Echiostachys, has been established. The 
results of this investigation, which are in the press, demonstrate clearly that 
the separation of the South African genus is sound on both taxonomic and 
geographical grounds. Lobostemon and Echiostachys are not found north 
of 29° S, Lat., and are therefore separated from their relatives in the 
northern hemisphere by the vast tropical zone, a region in which, up to 
the present, no true Lobostemon has been recorded. 

It is only of recent years that cytology has been employed in attempts 
to elucidate plant relationships. Lobostemon does not afford particularly 
favourable material, as the nuclei are small and the chromosomes are 
almost uniform in shape and size. However, certain points of interest 
emerge, and these are recorded here. Much of the value of this study lies 
in the fact that it was carried out concurrently with the investigation of 
the taxonomy and distribution of the two genera, and that opportunities 
arose for collecting material from a large range of localities. 

, [Amals of Botany* VoLXWm, No. CXC, April, 1934.1 
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Methods. 

Canioy’s fixative was employed in the early stages of the work, but it 
caused considerable shrinkage, and all later fixations were made in 
Flemming's solution or Karpechenko's modification of Navasliin's fluid. 
Both of these proved satisfactory, but owing to its convenience the latter 
was used in the majority of cases. Much of the material had to be fixed 
in the field, sometimes several days before a return to the laboratory was 
possible, and occasionally in places where water had to be carried. It is 
not necessary to emphasize the obvious advantages of a fixative in which 
material may be left for considerable periods without harm. 

A thickness of lo /x was found to be the most satisfactory for sections. 
Newton's gentian violet was the principal stain used. 

Root tips have not been available for study owing to a complete 
failure to induce germination in the laboratory. Most of the investigation 
has been carried out on flower buds, and where these were not obtainable, 
vegetative buds. 

Drawings were made at bench level with a Zeiss camera lucida, using 
a Leitz objective (N.A. 1-3) and a Zeiss 8 compensating eyepiece. 

Results. 

Both genera are characterized by normal pairing of the chromosomes 
at meiosis, and apart from the one instance quoted below there is no 
evidence of irregularity in behaviour, even in cases where hybridization 
was suspected. In a single plant of Lobostemon kispidtis lagging chromo- 
somes were frequently seen during the anaphase of the first meiotic 
division, and later micro-nuclei were organized in addition to nuclei of 
normal size. As this plant was associated with certain mutant forms it is 
desirable that further study of it and its mutants should be made, and the 
work is being continued. Thus no further reference to the matter will be 
made here. All other plants of Z. hispidns showed normal behaviour. 

In both Lobostemon and Echiostachys seven is the basic number of 
chromosomes, and no departure from this number has been observed in 
any of the species investigated. The results are summarized below, the 
localities in which the material was obtained being given in each case. 
The reason for this is that at an early stage of the investigation polyploidy 
was observed to occur within two of the species, and it was therefore con- 
sidered desirable to obtain chromosome counts from as many localities 
as possible. 

In the paper dealing with the systematic relations of the species, five 
natural sections are recognized in Lobostemon. It has only been possible 
to make a complete cytological examination in Section % where all species 
have been studied. In Echiostachys all three species have: been examined. 
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Section /. Echiouies. 

L, eckioides (Namaqn aland) 

L. eckioides (Riversdale) 

L, eckioides (Ladismitii) 

L. paniculatus (Ladisraith) 

Bobisii (Gordon’s Bay) 

Section 2, Trichotomi. 

L. trichotonms (Hercules’ Pillar, Paarl Div,). . 

Z. trickotomus (Tulbagh) 

Z. trickotomus (Pakhuis Pass) 

Z. paniculaeformis (Darling) 

Z. hispidus (D urban ville) 

Z. laevigatus (Pakhuis Pass) 

Z. laevigatus (Karoo Poort) 

Z. laevigatus (Cederberg) 

Giant form 

Z. laevigatus (Cederberg) 

Intermediate between this species and Z. glaucopkylius 
L. glaucophyllus .... 

Z. glaucopkylius (Van Rhyns Pass) .... 

Z. glaucopkylius (Grey’s Pass) 

L. glaucopkylius 

Z. glaucopkylius ( T ulbagh ) 

Z. glaucopkylius (Cape Peninsula) .... 

Z. kottentoiicus (Sir Lowry Pass) .... 

Z. Pearsoftii (Namaqualand) 

Section J. Argenteu 

Z. argenteus (Cape Peninsula) 

Section 4, Fructicosi. 

L. fructicosus (Cape Peninsula) 

Z. curvifolius (Houw Hoek) 

Z. decorus (Ladismith) 

Section j. Grandijlora. 

Z. montanus (Cape Peninsula) 


Chromosome numbers. 
Somatic. Gametic. 


14 

7 

14 

— 

43 

— 

14 

7 

28 



14 

— 

— 

7 

— 

7 


7 

— 

14 

— 

7 

14 


14 

— 

— 

7 

— 

7 

— 

14 

— 

H 

14 

— 

— 

14 

— 

14 

14 

7 

14 

— 



7 

14 

7 

H 

— 

28 


— 

7 


ECHIOSTACHYS. 

E. incamis (Sir Lowry Pass) 14 — ■ 

E. ecMonianus (Sir Lowry Pass) — 7 

E. spicatus (Saldanha Bay) 28 — 

The majority of species will be seen to be diploid, but several tetra- 
ploid and one hexaploid have been recorded up to the present. 

The chief point of interest lies in the occurrence of polyploidy within 
two of the species, viz. L, glaucopkylius and L. eckioides. In both cases it 
is impossible to separate the polyploid from the diploid forms on any 
definite morphological characters, but geographically they occupy distinct 
regions. As the evidence is moi^e complete in the case of L. glaMCopkyllus^ 
this case will be chosen for illustration. 





Figs. i~i2. i, 2. L^bosiemoit echioides (Garies) : i. Mitosis in yoitng anther. 2^2 « 14. 
X 2000 ; 2. Metaphase of first meiotic division, n x 2000. 3. L, echimdss (Ladismith). 

Mitosis in stem apex. « 42. x 2000. 4. Z. panuulatus. Metaphase of first meiotic division. 
« » 7. X 2000. 5, Z. Boludi* Mitosis in young ovule. 2 = 28. x 2000. 6 Z. trickofomns* 

Metaphase of second meiotic division. = 7. x 2coo. 7. Z. paniculmfornm. Metaphase of 
second meiotic division, 12 » 7. x 2000. 8. Z. hispidus. Metaphase of second meiotic division. 
?2~I4. X 2000, 9 » L, iaevzgatus i 9. Metaphase of second meiotic division, w = 14. x 2000: 
xo. Giant form. Mitosis in young anther. 3« « 14. x 2000. ii. Z. ghm^phyllm (Garies). 
Metaphase of first meiotic dmsion. w » 7. x 2000. 12. Z. glmcophylius (Van llhyns Pass). 
Metaphase of first meiotic division, n ^ x 2000. 





Figs, 13-25. 13. X. glancophyllus (Cape Peninsula). Mitosis in stem apex. 2n - 28. 

X 2000. 14. L, hoitentoiictis. Mitosis in young anther. 2n ~ 14. x 2000. 15. L, PmrsoniL 

Mitosis in young anther. 2 = 14. x 2000. 16. Z. argenteus. End of second meiotic division. 

^ = 7. X 2000. L.frutkosus. Metaphase of first meiotic division, n = 7. x3ooo. 18.Z. mm- 
foiius. Mitosis in young anther. 2/2 = 14. x 2000. L. decorus. Mitosis in young anther. 
2 n — 2^. X 2000. 20. L.montanus. Metaphase of second meiotic division, n s= 7. x 2000. 21. 
Echiosiachys imanus^ Mitosis in young ovule. 2/2=14. x 2000, 22^ EcMostachys eckionianm* 
Metaphase of second meiotic division. « = 7. x 2000. 23. Echiostachys spicaius. Mitosis in 

young ovule. 2 « = 28. x 2000. 24, 25. Echium fastuosum : 24. Metaphase of first meiotic 
division, = 8. x 2000: 25. Mitosis in young ovule. 2« = 16. x 2000. 
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This species is confined to the western part of the Cape Province, 
chiefly on the lower mountain slopes. The mountains of this region rim 
roughly north and south, and are composed of quartzitic rocks belonging 
to the Table Mountain series. From the Cape Peninsula to a point a little 
north of Van Rhyns Pass, where the Table Mountain series peters out, 
L. glaucophyllus is found wherever this geological formation occurs. 
Between Van Rhyns Pass and Namaqualand lies a desolate area of a 
desert-like character, about seventy miles in extent, where no Lohostemons 
occur. In Namaqualand, however, the Kamiesberg reach an altitude of 
over 5,000 feet, and at Leliefontein a rainfall averaging more than 14 inches 
a year has been I'ecordedd These more favourable conditions are reflected 
by the flora, which is once more of the type characteristic of the south- 
western coastal belt. Here on the sandy soil produced by granitic rocks 
Z. glaucophyllus reappears. All these Namaqualand plants arc diploid. The 
plants from Van Rhyns Pass southwards are tetraploid with the exception 
of a diploid plant collected at Algeria in the Cederberg. The problem 
raised by this plant is far from settled. At Algeria L. glaucophyllus and 
L. laevigatus (a closely allied diploid species) grade into one another in a 
bewildering series of forms reminiscent of the ‘ hybrid swarms ’ recorded 
by Allan in New Zealand ( 1 ). L. laevigatus occurs normally at higher 
altitudes than Z. glaucophyllus^ but where their areas overlap intermediates 
abound. Unfortunately, this I'egion is mountainous and difficult of access, 
so it has not been possible to obtain further supplies of material, and until 
such supplies are available it cannot be said whether the plant recorded 
was exceptional or typical of Z. glaucophyllus in that neighbourhood. 

A comparison of Figs. 11 and 112 shows that the chromosomes at 
. metaphase of the first meiotic division ai’e larger in the diploid than in the 
tetraploid. 

A comparative study of the floral and vegetative features in Section 2, 
of Lohostemon resulted in the following scheme being drawn up to indicate 
the interrelations of the species : 


glaucophyllus 



irichoiomus 

M am indebted to the Rev. J. A, George for this figure. It is based on readings taken at 
Leliefontein during the last twenty-four years. 
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Along both lines progressive zygomorphism of the corolla and stamens 
is the dominant note, but the ^ hispidns' line retains the hairiness of 
Z® trickotomus^ while the ^ glaucophyllus^ line shows a strong tendency to 
become glabrous. As in the case of all evolutionary problems, it is possible 
to read the series as one of reduction from a zygomorphic to a regular type 
of flower, instead of as a progressive one. The cytology of the section, 
however, gives emphatic support to the scheme as outlined above, as the 
two most zygomorphic species are both tetraploid (or largely so in the 
case of Z. glaticophyllus), all the rest being diploid. 

In a discussion on polyploids Darlington (2) states that a polyploid 
form, derived directly from a diploid by simple doubling, is normally larger 
than the form from which it is derived. In other words, gigantism is the 
normal consequence of polyploidy unless some modifying factor is intro- 
duced. Throughout Lobostemon polyploidy is not accompanied by increase 
in size, in fact in the majority of cases the polyploid species are small. 
That some factor controlling size operates in Lobostemon is suggested by 
a study of these plants in the field. In a paper on the taxonomy of 
Lobostemon^ to which reference has been made previously, the author has 
shown that many species of Lobostemon are prone to produce mutant 
forms differing from the type merely in some size relation. Thus the most 
common type of mutant is a small microphyllous form in which both floral 
and vegetative axes are condensed. Gigantism occurs fairly frequently. 
In neither of these is there any change in chromosome number, thus 
showing clearly that in this genus there are factors controlling size which 
have no relation to the number of chromosomes. 

In contrast with Lobostemo^i it is of considerable interest to find that 
in the small genus Echiostachys polyploidy and gigantism are associated. 
E, spicatus, the tetraploid, is larger in all its parts than the two diploid 
species. 

As far as the writer is aware little work has been done on chromosome 
numbers in the Boragioaceae. Tischler (7) refers to four known examples, 
in none of which is the basic number seven. Gaiser (3) gives no further 
information. In a recent paper by S. G. Smith (6) an account is given of 
the cytology of the genus AncJmsa in relation to taxonomy. Here he finds 
that in the genus as defined recently by Johnston (4), eight is the basic 
number. Two species which on taxonomic grounds Johnston has removed 
to other genera do not have this basic number, which fact is taken as 
supporting Johnston’s contention that these species have not been correctly 
placed in Anchusa, 

It is unfortunate that no published information is available with regard 
to chromosome numbers in Echium, No Echium is native in South Africa, 
but Echium fastmsum Salisb. (the Pride of Teneriffe) is a plant commonly 
grown in gardens in Cape Town. Here the gametic number of chromo- 
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somes is eight (Figs. 24, 25). If eight be the basic number for the genus, 
then, applying the argument used by S. G, Smith in the case of Anc/msa^ 
Lobosiemon must be considered generically distinct from Echimn. This is 
the writers view based on other grounds, and cytology appears to offer 
confirmation. 


SUMxVARY. 

1. Lobosiemon and Echiostachys are purely South African genera 
closely related to Echitim. 

2. Both these genera have seven as the basic number of chromosomes, 
and both show polyploidy. 

3. Polyploidy occurs within two of the species. No morphological 
distinctions can be made between the diploid and polyploid forms, but they 
occupy different geographical areas. 

4. In the one section of Lobosiemon in which it has been possible to 
make a cytological examination of all the species, support is forthcoming 
for the grouping of species arrived at from other considerations. 

5. In Lobosiemon factors governing size relations are independent of 
polyploidy, but in Echiostachys gigantism is associated with polyploidy, 

6. Eight is probably the basic number of chromosomes in Echitm. 
This supports the view that Lobosiemon and Echiostachys are generically 
distinct from Eckitim. 
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I. Introduction. 

* 

F ungal spotting of apples is prevalent on sweet varieties, but may 
occur on sour varieties late in the storage season. Its distribution is 
therefore associated with the lower levels of acid found in sweety as opposed 
to sour, varieties after a long period of storage. There are, however, other 
chemical factors to be considered such as sugar content, which varies with 
variety and age of fruit, and nitrogen content, which may show wide varia- 
tion in a single variety. Variations in nitrogen content are reflected in 
the rate of advance of certain fungal species in the host tissues, as demon- 
strated by Horne (5-10). 

Recently Seth (13) applied cultural methods to the problem of the 
relationship between fungal advance and chemical composition of fruit, 
and found that advance may be conditioned by acid and sugar content. 
Differences in concentration of acid and sugar will also account for the 
variations in relative attacking power of fungal strains associated with 
variety and age of fruit described by Horne (9) and Das Gupta (2, 3). 

tAuiials of Botany, V 0 I.XLVIII, No, CXC. April, £934-3 
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The genera Cytosporina, Phomopsis, and Diaporthe investigated by 
Setli are very closely related, Cytosporina and Phomopsis being regarded as 
conidial stages of Diaporthe. In the present communication, attention lias 
been confined to fungi responsible for spotting, and several of the fungi used 
were isolated from actual spots in Worcester Pearmain apples obtained 
by Horne (10) in connexion with investigations on the effect of stock on 
resistance to fungal invasion. Horne found that a high percentage of 
Inoculated apples developed spotting due to natural infection during the 
course of his experiments, and made very detailed records of the progress 
of spotting. The genera obtained, which include Pleospora^ Aliernaria^ 
Polyopeus, and Fusaritmt, are not very closely allied. Thus while the field 
of research is circumscribed some compensation is afforded by the diversity 
of the fungi employed. 

Seth ( 13 ) has found that differences of acid and carbohydrate concen- 
trations will account for the variations in relative activity of the strains of 
Cytosporina ludibunda, of Phomopsis coneglane^isis, and of Diaporthe perni-^ 
ciosa, which Das Gupta (2, 3 ) has proved to be related to variety of apple 
and age of any particular variety. It was therefore thought probable that 
the same influences may determine the advance of fungi causing spotting 
in apples. Accordingly, the behaviour of fungi known to cause spotting 
was tested on media varying in acid and sugar content Glucose, sucrose, 
and fructose were used both singly and in combination. The work was 
also extended to include a study of the effects of varying the concentration 
of nitrogen (asparagin), since Horne ( 5 - 10 ) has shown that a high nitrogen 
content of apples is associated with increased susceptibility to fungal 
attack. 

IL Material and Method. 

The following fungi were used for the cultural experiments : 

Pkospora 20 (P. 20) 

Poiyopeus pmpureus 10 (Poly. 10) 

A/krnana i (A. i) 

Pkospora herharmn strains P. i to P. 16 excludinsr P. 6 and P. 14 1 
Poly opens . . . [ 

Alternaria tenuis orchards (10). 

FusariMmfructigenum^txC\mK2.Tie.S0 See (ll). 

The experimental method adopted was that used by Seth ( 13 ). 

The composition of the medium employed as a standard was as 
follows: asparagin 2*0 grm., MgSO^yH^O 075 grm., glucose 2*0 grm., 
KgPO^ 1*25 grm., agar 20 grm., water 1,000 ex. 

Stock cultures of all the fungi used were maintained on slopes of this 
medium. With fungi other than Fttsaritmp inoculation procedure 
adopted by Seth ( 13 ) was followed* Plates of standard medium were 


^ From Worcester 
Pearmain apples. 
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lEOCulated from the stock tubes and kept at 30° C, for one week. Experi- 
mental series were then inoculated with millimetre cubes of the standard 
medium plate culture, taken from the zone about i cm* inwards from the 
margin of growth. It was thought preferable to use spores for the inocu- 
lation of plates with Fusarium^ since the fungus spores well and Brown (1) 
has shown that the size of spore inocula, within reasonable limits, has no 
effect upon subsequent growth. Standard medium plate cultures were 
prepared from the stock tubes, and kept in an incubator at 20^^ C. in order 
that any sign of saltation might be detected. After about three weeks, 
when spores were forming in abundance, spore masses were transferred from 
these plates to those of the experimental series. 

The carbohydrate series w’-ere prepared in the manner described by 
Seth (13), by replacing the glucose in the standard medium with the kind 
and quantity of sugar required, and malic acid was used in the acid series. 
Besides various concentrations of glucose, sucrose, and fructose alone, 
mixtures of the three approximating in composition to the sugar con- 
tent^ of Worcester Pearmain apples obtained from Burwell in 1927, after 
periods of twenty-five and fifty days in storage at 12° C., were employed. 
Series containing these mixtures are referred to as X and X' respectively. 
The proportions of sugar in each, taken from unpublished data supplied by 
Dr. Archbold, are as follows : 


Series. 

Glucose %. 

Sucrose %. 

Fructose %. 

(Worcester Pearmain apples 
after 25 days’ storage.) 

1-5 

2*4 

7*3 

X' 

(Worcester Pearmain apples 
after 50 days* storage.) 

1*9 

1.5 

7-6 


In the present investigation, series of media of different nitrogen con- 
tent have also been prepared by varying the concentration of asparagin in 
the standard medium. 

For convenience, the composition of the medium is indicated in the 
text by the figure representing the percentage concentration of the varying 
constituent, e.g. 9G represents a medium containing 9 per cent, glucose, 
i7«iS represents 17*1 per cent, sucrose, 0-25 A represents 0-25 per cent, 
malic acid, and o*oiN represents o-oi per cent, nitrogen calculated from 
the weight of asparagin in the medium. 

Glucose media were sterilized by autoclaving at 10 lb. pressure for 
fifteen minutes ; media containing sucrose or fructose were steamed for 
thirty minutes on three consecutive days. Malic acid solutions of the 
required concentration were autoclaved in separate test-tubes and addecJ 


^ Proportions of sucrose, glucose, and fructose vary considerably with locality and season. 
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to the bulk of the Hiedium when the latter, after sterilization, had cooled to 
about 55° C. 

Sterilized Petri dishes of uniform size were filled with medium to 
a depth of (approximately) 0*75 cm., inoculated at the centre with the 
fungus, and incubated at 20° C. Plates were always prepared in triplicate 
to increase the reliability of measurements. 

The diameter of the culture in each plate was measured along two or 
more directions, according to the regularity of growth, at intervals usually 
of three days. Comparisons of growth are based chiefly on length of 
radius after nine days, since the more rapidly growing cultures reached the 
margin of the plate in very little over that time. 

III. General Observations on Growth. 


The general morphological characters of the chief fungi used when 
grown on the standard medium, are tabulated below : 


Fungus, 

Colour of 
mycelium. 

Nature of 
mycelium. 

Colour of 
substrate. 

Spores. 

Pieospora 
P. 20. 

Light to 
dark grey. 

Compact, tufted. 
Margin some- 
what diffuse. 

Blue-black to edge 
of culture. . 

Very few dark conidia. 
No ascospores. 

Polyopetis 
pur^ 
pureus. 
Poly. 10. 

Grey to 
white. 

Compact, short, 
granular. 

Colourless-purple- 
amber, Almost 
black at centre. 

Hyaline pycnidia. 
Hyaline spores after 
3-4 weeks or no 
spores at all. 

Polyopeus 
Poly. 2. 

White. 

Slight, 

superficial. 

None, 

Hyaline pycnospores 
in black, long-necked 
pycnidia. 

Alter^ 

naria 

A. I. 

Dark, 

olive- 

grey. 

Compact, short, 
fluffy. 

Blue-black almost 
to edge of culture. 

Dark conidia very 
numerous. 

Alter- 

naria 

tenuis. 

Dark, 

olive- 

grey. 

Flocculent. 

Black. 

Dark conidia very 
numerous. 

Fusarium 

fructi- 

^gemmi 

Fus. A. 

White. 

Sparse. All but 
a fringe dis- 
appears in time. 

Colourless to 
slightly yellow. 

Orange spores in 
pustules. 

F.frticii- 

genuM 

Fus. D. 

White. 

Fluffy. Blue 
sclerotia some- 
times formed. 

Colourless to 
slightly yellow. 

Orange spores often 
in ring at margin. 


Fourteen strains of Pleospora herbarum have been studied in less 
detail than the above. It need only be mentioned here that the mycelium 
of most strains is fluffy, and varies in colour from white to grey, and that 
the colour produced in the substrate may be yellow or pink or a mixture 
of one, or both, of these with black. 

' The appearance of -cultures is altered ,, by /variations in acidity. , With 
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increased acid, the substrate colour becomes paler in cultures of Pleospora 
and Alternaria, and progressively deepens from yellow to almost brown in 
Fusarium plates. With Polyopetis ptirpureus^ the purple colour tends to 
darken as acid increases from o-oA to 0*15 A, and to become lighter with 
further addition of acid. Pleospora mycelium becomes whiter, Polyopeus 
more fluffy, and Alternarial^^s fluffy with increasing acid, while Fusarmm 
remains normal to about c*3A but is reduced to a wrinkled, non-sporing 
felt as acid increases to i-aA. Ftisarimn produces spores in most of the 
media, Pleospora forms a very few conidia in media of low acidity, and 
Alternaria spores very well, even at i-siA. Rudimentary pycnidia were 
often formed in Polyopetu cultures, but no spores were obtained during the 
experimental period of nine days. 

Variations in sugar content do not greatly affect the appearance of 
the fungi used in this investigation. The only observable changes were 
that the substrate colour in plates of Pleospora and Alternaria becomes 
paler with increased glucose, and that 9G and i^G serve to prevent the 
changes in substrate colour which occur in Polyopetis cultures with increasing 
acid at lower glucose concentrations. On ij-iS, Ftisarimn fructigemim A 
spreads as a very regular, pellucid film on which white aerial mycelium 
develops later, while on fructose the mycelium is short and granular to the 
margin. Strain D responds in much the same way, but the margin of 
growth is extremely irregular when the acid content exceeds 0‘05A. The 
colour produced in the substrate by Fusarium is a very pale yellow or is 
absent on i7*iS, but is a deep yellow to brown on 9F. Sucrose and 
fructose cultures of the other fungi resemble in appearance, but not in 
dimensions, the corresponding glucose cultures. 

Nitrogen starvation results in a short, sparse growth of Pleospora, 
Polyopeus^ and Alternaria, but at all the experimental concentrations of 
nitrogen exceeding o-oaN, these fungi are of normal appearance. Fusarmm 
develops as a thin film in the absence of nitrogen, becomes thicker and 
fluffier with moderate increase of this element, but produces a wrinkled felt 
of mycelium in media containing 0-08N to 

More detailed descriptions of the strains of Fusarium fructigemim on 
standard medium, and of the modifications in growth-form which occur 
with certain changes in composition of medium, may be found in a previous 
paper by Brown ( 1 ). 

In the standard medium the fungi spread fairly uniformly, and the 
margin of the culture is usually well defined. Cultures of Pleospora in 
media where the concentration of both carbohydrate and acid variates is 
low, are regular, but the margin is so thin that its limits are difficult to 
determine. At high concentrations of acid, carbohydrate, or nitrogen, all 
the fungi grow irregularly, and several measurements are necessary to 
ensure that the mean may be a fair indication of the extent of spread. 
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Accurate estimates of spread of Ftisarium presented the greatest 
difficulty* Some cultures were quite regular, others varied in diameter by 
as much as 6 mm« along different directions, while discrepancies between 
replicates and between values obtained on repetition of a series were 
greater than with the other fungi. No definite sectoring was observed. 
As a possible means of reducing irregularities, mycelial inoculation, as 
employed for the other fungi, was tried for Fnsarium but, as the myccliiim^ 
being tough, was difficult to divide into fragments of uniform size, and the 
resulting growth was no more regular nor consistent than when plates were 
inoculated with spores, spore inoculation, with its advantage of greater 
speed, was retained. This irregularity has not been satisfactorily ex- 
plained. 

With the exception oi Ftisarium fructigenum D, which almost ceased 
to grow after eight days on i*8G medium, the fungi were not of a strongly- 
staling type. The difference in behaviour of the strain D and of Polyopeus 
10 (weakly-staling) on media of low glucose content is shown in Fig. 

IV. Growth in Different Combinations of Carbohydrate 

AND Malic Acid. 

(a) Pleospora. 

Radial spread of P. 20 on series of media in which 2G, 9G, 12G, and 
the equivalent molecular concentrations of sucrose and fructose (3*85, 17* iS, 
22-85, 2F, 9F, and 12F) were combined with o«oA, o*i5A, o-3A, and o*6A 
was first investigated. Three plates of each combination were prepared 
and the degree of correspondence between replicates, as exemplified by 
2G, 9G, and 12G series, is demonstrated in Table I, which gives the mean 
diameter for each plate nine days after inoculation. 


Table I. 

Pleospora P.20. Diameter in Millimetres after Nine Day! Groivtk on 
Media varying in Glucose and Malic Acid Content. 


Glucose %. 

0*0 

2*0 

8o*o 

83-0 

80*0 

9.0 

83*0 

88-0 

84*0 

12*0 

00 00 OQ 

6 6 6 


Malic acid %. 


0‘i5 

0-3 

0'6 

S 9*5 

46-3 

29*0 

6i-o 

47-0 

28*5 

6i-o 

465 

29*0 

63-0 

43*5 

25*0 

65*0 

44-3 

25-8 

63-5 

45*0 

24*9 

65*0 

41-0 

24*0 

63-0 

41-0 

34*2 

63-0 

41*0 

24*5 


The mean radius, calculated from replicates, on the different media 
after nine days' growth, is given in Table 11. 
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Ta:ble IL 

Pleospora P.20. Radius m Millimetres after Nine Days^ Grotuih on Media 
varying in Carbohydrate and Malic Acid Content. 


Carbohydrate. Malic acid %. 


Nature. 

%. 

0*0 

0*15 

0*3 

0*6 

Glucose 

2*0 

39-5 

29*3 

22*4 

13*4 


9.0 

41*5 

30*9 

21*3 

11*6 


12-0 

4 i ’3 

30*8 

19-5 

ii-i 

Sucrose 

3*8 

42*5 

30-3 

22*8 

14*0 


I 7 -I 

47-0 

30*0 

21.4 

i6*o 


22-8 

45-0 

30*0 

19*9 

I 2 -S 

Fructose 

2*0 

39-0 

30-5 33-4 

13*8 


9-0 

407 

29*8 

23*9 

14*5 


12*0 

39-0 

3PO 

23*0 

9-3 



Fig. I. I^oly opens lo and P'usarium fruciigennm D. Comparison of changes in rate of spread 
associated with increasing age of cultures. 


It will be observed that, within the range employed, the nature and 
concentration of carbohydrate has very little effect. Differences appear to 
be almost entirely due to variations in acidity, and to obtain more detailed 
information on this point further series were made containing 12 G and 
22-8S combined with c-o, o*o2, 0^04, o*o6, o*o8, o-io, and o*i5A and 12F 
Combined with 0*00, 0*05, o-io, 0-15, 0*3, and 0*45 A. 

The radius after nine days’ growth was plotted against acid cpii" 
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centration for each carbohydrate, as shown in Fig. 2 , from which the 
following points of interest arise : 

I. The curves are all of the same type. 

2- With all three sugars radial spread at very low acidities increases 



Fig. 2. Fleospora 20. Graph showing radial spread in relation to acid concentration at 
equivalent concentrations of different sugars. 

with increasing acidity to a maximum, and then falls off with further 
addition of acid. 

3 The maximum is well marked with sucrose at 0*03 A and with 
glucose at about 0'05A ; that for fructose apparently lies at about o-04A, 
but is barely perceptible. 

4 At low acidities spread is greatest in sucrose, rather less in glucose, 
and still less in fructose. 

5. Spread in all three sugars is equal at 0-15 A, 

6. The curve for fructose lies slightly above the other two over the 
range 0,15 to o-45A. 

7« F^^om 0*15 to o*6A spread steadily decreases by about the same 
degree in all three sugars. 

The fungus was also grown on the series of media X and X\ which 
contain combinations of the three sugars. 

The curves obtained (see Fig. 3) are of the same type as for single 
sugars. It should be noted that growth is slightly better in X than in X' 
for all the experimental concentrations of acid. 

Fourteen strains of Pkaspora herharum (P. i to P. 16, excepting P. 6 
''and, P, 14) were also grown on the standard' medium with 'o,*o, 0*25, and 
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o<' 5A« Although the strains varied considerably in their rate of spread^ 
they were all less active at the higher acidities. The degree of effect pro- 
duced by acidity differed with different strains and is illustrated in Fig. 4, 



Fig. 3. Pleospora 20. Graph showing radial spread in relation to acid concentration in 
different mxxtnres of sugars. 


where the vertical lines in groups of three for each strain represent radius 
on media with o-o, 0*25, and 0*5 A respectively. 

The two strains P. 4 and P. 9 were also tested on media containing pG, 
12G, and i7‘iS combined with o*o, 0*3, and o*6A, Table III indicates the 
relative spread in these media. P. 4 and P. 9 were found to resemble the 
strain P. 20 discussed in greater detail above, in that they are little affected 
by character and concentration of carbohydrate within the experimental 
limits, while their spread is considerably less at o*3A and still more reduced 
at o*6A» 


Table III. 

Pleospora herbarum {Strains P. 4 afzd P. 9). Radius in Millimetres after 
Nine Days^ Growth on Media varying in Carbohydrate and Malic 
Acid Content. 


Strain. 

Carbohydrate. 

Nature. 

%. 

0*0 

Malic acid %. 

0*3 

0*6 

P .4 

Glucose 

9*0 

12-0 

34*0 

30-0 

12*5 

II-O 

8-0 

9*0 


Sucrose 

17*1 

42*0 

12*0 

9*0 

P .9 

Glucose 

9.0 

12*0 

9 9 

21*0 

1 8*0 

0 6 


Sucrose 

17*1 

38-0 

i6*3 

io*s 


The spread of P. 4, like that of P. 20, appears to be somewhat favoured 
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by the substitution of sucrose for an equivalent concentration of glucose 
when no acid is present, but the same change in sugar content slightly 
retards spread of P. 9. 



Fig. 4, Diagram showing radial spread of fourteen strains of Pleospora h&rharum in media 
with and without acid. (A = c*o per cent., B ~ 0-25 per cent., C 0-5 per cent malic acid.) 


(b) Polyopms, 

The same procedure was followed with Poly. 10 as with P. Data 
obtained for three concentrations of single sugars with four concentrations 
of acid are given in Table IV. 


Table IV. 

Polyopeus purpureus (Poly. 10). Radius in Millimetres after Nine Days' 
Grot<uth on Media varymg in Carbohydrate and Malic Acid ContenL 


Carbohydrate. Malic acid %. 


Nature. 

%. 

0*0 

0*15 

0*3 

0*6 

Glucose 

2*0 

32*3 

28*4 

1 9*5 

lo-o 


9*0 

24*3 

25*3 

17-0 

9*3 


12^0 

21*5 

22*8 

15-5 

10*0 

Sucrose 

5.8 

33*2 

28*3 

i8*9 

10*5 


I7-I 

21*2 

, 24.9 

i6-8 

10*9 


22-8 

19*6 

23*3 

16*3 

10*0 

Fructose' 

2*0 

32*9 

29*1 

20*1 

10-8 


9*0 

27 -S 

27*0 

i 7'3 " 

O'O 


I2-0 

20*8 

23’9 

l6'0 ' 

0*0 
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It should be noted that, as with Pleospora radial spread is approxi- 
mately equal in equivalent concentrations of the three sugars, provided 
growth occurs at all Any increase in concentration of carbohydrate, how- 



Fig. 5. Polyopeus lo. Graph showing radial spread in relation to acid concentration at 
equivalent concentrations of different sugars. 


ever, reduces the rate of spread. The effect decreases with increasing 
acidity until, at o*6A, the extent of spread in all the media, with the 
exception of 9F and iizF, is the same. Poly. 10, unlike P. 20, is most 
affected by acid when the carbohydrate constituent is fructose, since no 
growth takes place in the combinations of 9F and 12F witho-6A. Graphs 
illustrating fungal response to acidity in media of 12G, 22 * 83 , and 12F are 
given in Fig. 5. 

Points to observe are that : 

1. The fructose curve resembles the graphs for P. 20. The other two 
differ from these only in the presence of a slight depression of growth as 
acid is increased from 0*0 to 0*2 A. 

2. The curves for glucose and sucrose are close together throughout 
their entire length ; that for fructose lies near the others from o-o to 0*25 A 
and then falls steeply away to the base line, confirming the view that this 
fungus is most affected by acid when the carbohydrate present is fructose. 

3. From O'OzA radial spread increases with increasing acidity to 
a maximum value at about 0-09 A in each sugar, and becomes progressively 
less with further addition of acid. 

The concentration of acid which Poly. 10 can tolerate in conjunction 
with 12F is somewhat indefinite. It is certainly less than o*6A since eight 
inocula on the medium 12F, o*6A, showed no growth after twelve days, 
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whereas on a favourable medium growth is apparent after two days« 
When eight inocula were placed on the medium 12F, 0“3A, five had started 



to grow after five days, another started on the eighth, while the other two 
had not grown on the twelfth day. 

Fig. 6 shows spread on media X and X' in relation to acid. 

Growth, as with P. 20, is better on the mixture corresponding to the 
apple after storage for the shorter period. The curves arc probably of 
the same type as those for single sugars, but since the effect of very low 
acidities was not investigated, it is impossible to state definitely whether 
the curves fall from o^osA to zero acid- 

Table V. 

Poly opens Radius in Millimetres after Nine Days' Growth on Media 
varying in Carbohydrate and Malic Acid Content. 


Carbohydrate. 


Malic acid %. 

Nature. 

%. 

0*0 

0-3 0*6 

Glucose 

0-2 

20*0 

12*3 5*0 


9.0 

27-0 

4*5 0*0 


12*0 

24-0 

4*2 2*5 

Sucrose 

I7"i 

28*0 

4*5 0*0 


Another species of Polyopeus^ Poly. was tested on media of acid 
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content o-o, o»3j and o-dA combined with o-2G, 9G5 li^G, and 17*18. The 
results are given in Table V. 

This species resembles Poly. 10 in its general response, but spreads 
more rapidly than the latter on media without acid. It is also somewhat 
less tolerant of acid, since o*3A causes a decrease of spread to about one- 
fifth of its value in o-oA and o*6A further reduces it almost, or quite, to 
zero when the sugar content is 9G, I'zG, or 17*18. 

(c) Alternaria. 

As before, radial spread in relation to three concentrations of the 
single sugars combined with four concentrations of acid was first investi- 
gated, using Alternaria^ A.i. The results are embodied in Table VI, and 
show that radial spread is again little affected by the nature and con- 
centration of the sugar. Extent of spread in media without acid varies 
very little with increasing fructose, glucose, or sucrose; addition and 
increase of acid appears to reduce spread by a degree which varies inversely 
with the quantity of fructose present, hence at o*3A and o-6A, growth is 
considerably greater in 12F than in 2F. 


Table VL 

Alternaria (A. i). Radius in Millimeires after Nine Days' Groivih on 
Media varying in Carbohydrate and Malic Acid Content, 


Carbohydrate. 


Malic acid %. 


Nature. 

%. 

0*0 

0*15 

0*3 

0*6 

Glucose 

2*0 

41*2 

30*1 

17*4 

9*8 


9*0 

46*3 

32*8 

17*3 

8*6 


12*0 

45*5 

3 i '9 

17*9 

7*9 

Sucrose 

3*8 

41*5 

28*8 

i6*3 

9*0 


I7-I 

39*9 

28*8 

17-8 

6*6 


22*8 

36*3 

27*5 

18*3 

7*6 

Fructose 

2-0 

42-1 

31*8 

20*0 

12-0 


9*0 

43 *S 

37*0 

30-0 

I8*I 


12*0 

41-9 

37*2 

31*6 

18*3 


Graphs of radial spread in media containing the equivalent sugar con- 
centrations 12G, aa*8S, and laF, combined with various acidities, are given 
in Fig. 7. 

Here it should be noted that : 

I. The curves for glucose and sucrose are similar to those in previous 
figures, but that for fructose shows no rise to a maximum in the region of 
low acidity* 

a. The peak for glucose is less pronounced than that for sucrose, and 
has its maximum point at a slightly lower acidity (0*01:^ A as compared 
with o-o6A for sucrose). 
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3. The course followed by the cuiwes indicates that radial spread over 
the range o-oaA to o-o8A is least in fructose, but that at higher acidities it 
is considerably greater in this sugar than in the others. The intersection 



Fig. 7 . Alt&rnaria i. Graph showing radial spread in relation to acid concentration at 
equivalent concentrations of different sugars. 

of the curves at o-iA indicates that, at this concentration of acid, kind of 
sugar has little effect on rate of spread. 

Fig. 8 represents spread in the media X and X\ Fructose pre- 
dominates in the mixture and the graphs are similar to that obtained for 
fructose alone. It should be observed that the medium X, corresponding 
to the apple at the earlier stage, again favours spread a little more than 
the other. 


Table VII. 

Alternaria tenuis. Radms in Millhnetres after Nine Dayd Growth on 
Media varying in Carbohydrate and Malic Acid Content, 


Carbohydrate. 


Malic acid %. 

Nature. 

%• 

0*0 

0*3 0-6 

Glucose 

0'2 

27*0 

21*0 13-0 


9-0 

44*0 

20*0 11*0 


13*0 

26*0 

ll-o 10*0 

Sucrose 

I7-I 

20'3 

8*0 0*0 


Another species of Alternaria^ A. tenuis^ was also tested on a number 
of, media. The results are given in Table VII, and suggest that this fungus 
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differs from Alternaria A, i In being more sensitive to changes in both 
nature and concentration of carbohydrate. 9G appears to be more con- 
ducive of rapid growth than are other concentrations of glucose or the 



Fig. 8. Aliernaria i. Graph showing radial spread in relation to acid concentration in 
different mixtures of sugars. 


equivalent concentration of sucrose. i7-iS is less favourable than any of 
the concentrations of glucose and supports no growth at all at o*6A. Acid 
reduces growth throughout but, as with Poly. its effect is least at the low 
glucose concentration of 

(d) Fnsarium fructigemmi. Strain A. 

This fungus was grown on series of media in which every combination 
of 0*0, o* 0!35, 0-05, o-i, o*!Z, 0-3, o«4, 0-6, o*<8, and i*2jA with i-SG, 3*70, 40, 
6G, 9G, 13G, i7“iS, 9F, and was employed. 

Radial spread in relation to acidity for four of the glucose concentra- 
tions is shown in Fig. 13. The curve for 9G3 which appears in Fig. ii,and 
that for 6G would lie between those given, and are omitted for the sake of 
clearness in the figure. 

It is seen from Fig. 9 that rate of spread falls with increasing acidity. 
The fall is very rapid over the range 0-05 to 0*1 A, and then becomes more 
gradual Slight growth was observed at i* 3 A. 

Fig. 10 illustrates the effect of changing glucose concentration at con- 
stant acidities. Growth tends to be abnormal when the acid content is 
high, and for this reason graphs for concentrations higher than o*3A are 
not given. The curve for spread in medium without acid shows a rising 
limb (i*8 to 4 -oG), a maximum point at about 4-oG, and a falling limb 
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over the range 4-0 to la-oG. In graphs relating to media which contain 
acid a rising limb is not well-developed over the range of glucose studied, 



Fig. 9, fructigenum A. Grapli showing radial spread in relation to acid concentration at 
different concentrations of glucose. 

and the maximum is found nearer zero point. At o*!^A the rate of spread 
undergoes little change over the range 4 to 1 %G, 

The effects of substituting one sugar for an equivalent quantity of 
another are brought out in Fig. ii, which shows that, while the curve for 
sucrose resembles that for glucose, glucose favours spread slightly more 
than sucrose. The reaction to changing acidity in the fructose medium 
differs remarkably from any yet mentioned. From o«oA to o*aA the 
fructose graph takes a straight course near the curves for the other sugars 
but sloping less steeply, then it falls suddenly to the base line showing that 
the maximum acid content which can be tolerated by the fungus on 9F is 
very low, and that the difference in concentration between an acidity on 
which good growth occurs and one supporting no growth at all is slighL 
Radial spread of strain A on the mixtures X and X' is represented in 
Fig. and is seen to be chiefly influenced by the fructose content of the 
media. The difference in rate of spread in the two media is negligible. 
The exact concentration of acid which just permits of growth is uncertain 
since at O'^^A and o*4A'' growth occurred on some, plates but not on others*. 
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(e) F. fructigenum. Strain D. 

Strain D was grown on the series of media described for strain A. 
Its response in media differing in glucose and acid content is illustrated in 
Fig. J3. 



Fig. ro. P, fritciigenum A. Graph showing radial spread in relation to glucose concentration at 

different concentrations of acid. 


It may be observed that : 

The curves for 6G and 9G resemble those obtained for Fusarium A. 

The curves for low glucose concentrations (1-8G and %'*]Q) resemble 
some of the curves given in Figs. 5, and 7 in rising to a peak, but the 
maximum value lies at the lower acidity of 0'05A. 

3. Radial spread rapidly fails as acid content increases from o*o5A to 
o*!^ 5A, but little change occurs with further increase in acid. 

Comparison of Figs. 9 and 13 shows that, at low acidities, strain D 
makes much less rapid progress than strain A, but is less affected by 
increasing acid and, at high acidities, the two fungi spread at equal rates. 

The response of strain D to changes in the concentration of glucose at 
constant acidities is illustrated in Fig. 14. The curves resemble those for 
strain A in general nature, except that the curve for o*oA bends upwards 
over the range 9G to 12G, The increase in spread recorded at ii^*bG^is 
only a, mm. in the nine days, but a similar increase has been recorded:' on' 

Dd 
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five different occasions. The curve for o* 035 A closely resembles that 
obtained for o-oA with strain A (Fig, 10), 

Fig, 15 represents radial spread in relation to kind of sugar. The 



Fig, ir, Kfructigenum K, Graph showing radial spread in relation to acid concentration at 
equivalent concentrations of different sugars. 

curves show that sucrose favours radial spread more than glucose or 
fructose when acid is absent. When acid is pre.sent strain D resembles 
strain A in spreading to nearly the same extent in media containing 
glucose and sucrose respectively. As with Altermria (Fig. 7), fructose 
favours spread more than glucose or sucrose when the level of acid exceeds 
o-iA approximately. 

Graphs representing radial spread in the series X and A' are given in 
Fig, 16. The curves are of distinctive appearance. At low levels of acid 
they resemble the glucose and sucrose curves, but at higher levels the 
fructose curve given in Fig. 15. This result indicates that rate of spread 
for levels of acid exceeding o-iA is chiefly determined by the fructose 
constituent 

Kfructigenum D differs from Pleospora ao, Polyopeus 10, and Alter- 
naria i in spreading in nine days, slightly more in X' than in X, except 
over the range 0*2, A to o*4A. , , ' ' , ’ 



KADIUS IN MMS. 



•025 *1 *2 *5 '4 -6 -8 !*Z 

MALIC AO D PER CENT 

Fig. 13. A fmctigmium B. Grapli showing radial spread in relation to acid concentmtion at 
different concentrations of glucose. 
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Fig. 14. F, fructigenum D. Graph showing radial spread in relation to glucose concentration at 

different concentrations of acid. 



Fig. 15, F.fmcUgmum D. Graph showing radial spread in relation to acid concentration at 
equivalent concentrations of different sugars, 
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The upper limit of acid concentration which can be tolerated is again 
indefinite, since growth occurred in some but not all of the plates at o-SA 
and I -a A. 



Fig. 16. F.fruciigentmi D. Graph showing radial spread in relation to add concentration in 

different mixtures of sugars. 


V. Growth' IN Different Combinations of Asparagin and 

Malic Acid. 

(a) Pleospora Polyopeus lo, and Alternaria i. 

These three fungi were grown on series of media containing 12G in 
conjunction with every combination of o-oA and o*i5A with ten con- 
centrations of asparagin, introducing nitrogen in the proportions o-o, o-oi, 
0-0^, 0-03, 0-04, 0*05, o-o6, o*o8, O'lo, and o-ia per cent Fig. 17 A and B 
illustrate the results in o-oA and o-i 5 A respectively. The curves for P. 30 
and Poly. 10 are based on measurements on the ninth day after inoculation. 
The curve for Alternaria in Fig. 17 A represents radial spread on the sixth 
day, since the plates were filled by the ninth day ; those given for the same 
fungus in Fig. 17 B illustrate spread recorded on both occasions. 

It will be noted that the presence of acid in the medium affects the 
fungal response to increasing nitrogen. 

The curves given in Fig. 17 A resemble one another fairly closely, and 
suggest that variations in nitrogen content produce little effect in the 
absence of acid. The curves vary as regards the point at which maximum 
spread occurs, viz. o-o6N for Pleospora^ o*07N for Polyopeus 0'04N for 
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Alternaria. Fig. 17 B shows that the three fungi respond to addition of 
o*i 5 A to the nitrogen series of media in different ways. Radial spread 
of Poly. 10 consistently increases with increasing nitrogen, the effect being 



Fig. 17, Pkospora 20, Polyopeus 10, and Alternaria i. Graphs showing radial spread in 
relation to nitrogen concentration. A, in media without acid ; B, in mklia with acid. 


most marked over the range o-oN to o-oIN. Spread of A, i and P. 2^0 
diminishes over the range o-oN too*o3N,but is favoured by further addition 
of nitrogen. Changes in the rate of spread of P. ao are very small. 

(b) F.fructigenum. Strain A. 

Strain A was grown on the ten concentrations of asparagin mentioned for 
the other fungi, combined with o-oA, o*i5A, and 0*3 A, and a carbohydrate 
content of laG. The results are expressed graphically in Pig, 18, A and B. 

The curves constructed from data obtained on the twelfth day show 
a considerable development of tendencies observed on the sixth day. With 
no acid present in the medium, radial spread increases from near zero point 
to a maximum at o*04N,and then diminishes over the range o*04N approxi- 
mately to o*i!2rN. Measurements recorded for six and twelve days respec- 
tively show that the rate of spread over the range 0‘04N to o-iaN is not 
uniform; thus at o-iaN the radius in six days is about 9,0-%^ mm.; in 
twelve days only 3^*^5 uini., suggesting that a certain amount of staling 
had taken place. The rate of spread is greatly retarded by adding o-i5A 
to the medium, as is shown by the distance separating the curves for o«oA 
and 0*15 A. The maximum point' is found nearer zero at 0*01 N, and 
a minimum point is evident at 0*0311, From this point the rate of spread 
gradually increases O'Verffhe,, range o*03N to o*ioN approximately. When 
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acidity is increased to o*3oA5 the curve rises steadily from near zero point 
to o*ioN approximately. The change in slope of the curve associated 
with addition of acid suggests that acidity tends to retard rate of spread 



NITROGEN PER CENT 



Fig. 18. F. fructigeMtim A. Graphs showing radial spread in relation to nitrogen concentration 
in media with and without acid, a, after 6 days; B, after 12 days. 


more and more as the nitrogen content of the medium falls. The steeper 
inclination of the curves for o-i5A and o-3oA observed on the twelfth day 
as compared with that shown on the sixth day suggests that perhaps as 
time goes on a certain amount of acid is neutralized by alkaline waste 
products resulting from the metabolic activity of the fungus in the higher 
concentrations of nitrogen and that the concentration of acid is correspond- 
ingly lowered, thereby favouring radial spread. 

(c) F. Hnctige^ium. Strain D. 

The series of media described for strain A were also used for strain D. 
The results are illustrated in Fig. 19, which represents radial spread after 
nine days. When the cultures on media without acid were examined on 
the sixth day, only small differences between individual members of the 
series were observed, but o-oiN and o*oijN appeared to favour spread more 
than the remaining concentrations of nitrogen. No appreciable staling 
was apparent- On the ninth and twelfth days strong staling was recorded 
for all concentrations except o-oiN and the medium without added 
nitrogen. The form of the curve (Fig. 19) for the series without acid, 
which shows a sharp fall between o*oi and o-oizN, may be mainly due to the 
strongly staling character of the strain D. The curve for 0-15 A closely 
resembles the one obtained when acid is absent, but the shape canpot be 
explained by staling influences since no staling was recorded 
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contaioiog 0 “i 5 A in combination with o*04N on the ninth day. The curve 
for 0*3 A agrees fairly closely with that given for strain A (Fig, i8 b)^ the 
rate of spread increasing with increasing nitrogen content of medium^ 



Fig. 19. F. frzictigemim D. Graph showing radial spread in relation to nitrogen concentration 

in media with and without acid. 


VL Discussion. 

Salient features of ike results. 

The curves obtained as a result of plotting radial spread against acid 
concentration conform to Types I and II recorded by Horne ( 9 ) and 
Seth (13)s namely, hyberbolic curves (Type I) shown by fructigenum, 
strain A (Figs. 9 and ii) ; and curves with a rising limb, a maximum point, 
and a falling limb, as shown by Pleospora herbarum (Fig. d) and F. fructi- 
genum^ strain D (Fig. 13). After the maximum the curves resemble those 
of Type I. In curves of Type II the maximum point is found at low con- 
centrations of acid, thus with Pleospora herbarum at O‘04A ; Alternaria at 
0*06 A ; and Polyopeus purpureus at o-8A. With P oly opens purpureus curves 
u^Gand show a well-developed maximum and resemble curves i*4G 
and i^-75G given by Seth for 61 ludibunda CC^, but with the remaining 
fungi the maximum point is situated only a few millimetres above the 
level found near zero acid, , The results show, therefore, that radial spread 
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is inversely related to acid concentration, but the range over which this 
effect is seen varies somewhat with fungal strain since the presence of 
a small quantity of acid in the medium favours spread of certain strains* 

The fungi under consideration, as far as response to varied acid is 
concerned, fall between the less active groups 3 and 5 of Horne (9) and 
Seth (13), whose grouping of species of Cytosporina, Phomopsis^ and 
Diaporthe was based on rate of spread in acid series made up to contain 
glucose, fructose, and sucrose in proportions found in Cox’s Orange Pippin 
apples. Pleospora herbarum (P. %o)y PolyopetiSy and Alternaria spread 
radially only i cm. or less in nine days at approximately o*6A. The 
strains of F. fructigenum, in media containing 12 < per cent, glucose combined 
with 0-4A, spread to about 6 mm. (strain A) and about 5 mm. (strain D) 
as compared with more than 3 cm. and more than 2 cm. recorded for the 
respective strains in similar media without acid. 

The effect of varying concentration of carbohydrate has not received 
the detailed consideration given by Seth. As a rule only three (2, 9, and 
12G) and exceptionally six {F. fmctigerntm) concentrations of sugar were 
used, and none exceeded 12G or an equivalent concentration of mixed 
sugars (glucose, fructose, and sucrose). Within these limits the effect on 
spread of varying concentrations was not very great. The species and 
strains of certain species tested differ to a certain extent in their response 
to varied carbohydrate concentration in media both with and without acid. 
With Pleospora 20 the rate of spread in media without acid is nearly the 
same at 2, 9, and 12G, but when acid is added (0-3 and 0*6 A) the rate tends 
to fall from approximately 9G. With Polyopeus 10 radius of spread in 
media without acid decreases from 32'3 mm. at 2G to 21*5 mm. at 12G, 
but the decrease is less marked when acid is present. AlUrnaria 1 spreads 
more quickly in media containing no acid or weak acid (o-i5A) when 9 or 
12G is present, but the rate of spread tends to fall with increasing glucose as 
the level of acid is raised. With F. fructige^ium (acid absent) spread reaches 
its maximum development at 4*oG and then diminishes. As more and 
more acid is added the maximum point is found nearer zero glucose. The 
curve for o*2A falls as far as 4*oG, and then remains nearly horizontal over 
the remaining portion of the range of glucose concentration tested. 

The substitution of sucrose for glucose in series yielded no results of 
importance since only small differences in amount of spread were observed. 
With some strains sucrose, with others glucose, slightly favoured spread. 
The most marked effect was obtained with F. fructigenum D in the absence 
of acid, the rate of spread being much greater in the sucrose medium, but 
with addition of acid the rate declined and corresponded very closely with 
the rate observed in the glucose media. 

The substitution of fructose for glucose produced the following results : 
(l) Pleospora 20, rate of spread closely corresponds with that observed 
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when glucose is present; (e) F. F^^tigeimm D and AUernaria fructose 
favours spread at nearly all levels of acid tested as recorded for P, ciiri^ 
Jaffa 185 by Seth ( 13 ) ; (3) F. fructigenum A and Polyopetis 10, fructose 
favours spread at relatively low levels of acid, but at higher levels spread 
is retarded, cf. C. ludibunda CE and CA^ investigated by Seth (13)» With 
F. frnctigenmn A, no growth was observed in media containing o*3A 
combined with 9*oF as compared with 6 mm. radial spread recorded for an 
equally acid medium containing 9*oG instead of fructose. 

The curves obtained for spread in mixtures of sugars, as might be 
supposed from the proportions of the three sugars present, arc very similar 
to the fructose curves and differ from them only in such ways as might be 
expected from the presence of the other sugars. Those for Pleospora 30, 
for instance, in X and are of the same nature as that for fructose alone, 
but the rise to a maximum at o-o5A is more marked and approximates to 
that shown in the glucose or sucrose curves. Again at acidities of about 
o« 3A the rate of spread of F , fructigemim D in X is intermediate between 
the rate in media containing fructose and the rate in media containing 
glucose or sucrose. With the exception of F. frnctigCnum A, which spreads 
to the same extent in both mixtures, and F, fructigenum D, which tends 
to spread better in X^ than in X at high or very low acidities, the fungi 
spread more rapidly in X than in the other mixture. 

So far the discussion has been confined to reviewing the results obtained 
with two main variables, viz. acid and sugar. The inclusion of a third 
variable, nitrogen, renders the problem of interpretation much more difficult, 
especially when it is remembered that the species under investigation show 
a staling tendency. Since it was possible to undertake only a limited 
number of experiments with nitrogen, supplied in the form of asparagin, 
it is impossible to explain all the results satisfactorily. With Pleospora ao, 
Polyopeus 10, and AUernaria i, fungi which show only slight staling in 
standard medium cultures, increasing nitrogen supply up to approximately 
o*iaN, in the absence of acid, does not appreciably affect the nite of spread, 
since, within the experimental range of nitrogen concentration, the difference 
in radius between cultures on extremes never exceeded % mm. A slight 
tendency to rise to a maximum at some level of nitrogen is evident 
(Fig. 17 a), and staling does not appreciably increase with increasing 
nitrogen. The addition of weak acid (o-i5A) pi'odiiced an increase in rate 
of spi'ead of Polyopeus 10 in media containing o*oiN or more, but had no 
effect in the absence of asparagin. The curve obtained for Pleospora 20 is 
nearly horizontal, possibly with a minimum at o-03N instead of the 
maximum at about o-o6N observed when acid is absent. Spread of 
AUernaria i, for unknown reasons, has its highest value at zero nitrogen 
and falls to a fairly definite minimum at about 0‘03N. Comparison of the 
"''^''^^rves in Fig. 17 A with those in Fig. 17, B confirms the ovideqee. already 
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presented (Figs, 5^ 7) Aat Poly. 10 grows better in o*i 5 A than in 

0‘0A while P. %q and A. i are adversely affected by o-i5A. 

Turning to F. fnictigenum^ the strains D and K, as was originally 
demonstrated by Brown (1), are respectively strong and moderately staling 
strains. The steep gradients shown by the ascending and descending 
limbs of the curve for strain D in media without acid (Fig. 19) are probably 
an expression of the strongly-staling character of this strain. It is interest- 
ing to note that on the sixth day, only small differences in radial spread 
between individual members of the nitrogen series were observed, indicating 
that in early stages of growth, spread is not appreciably affected by altering 
the concentration of nitrogen. On the ninth day, however, strong staling 
was recorded for all members of the series except o-oiN and the medium 
without added nitrogen. Addition of acid should cause the maximum 
point shown in Fig. 19 to be found further from zero nitrogen, since the 
acid would neutralize, to a certain extent, the alkaline waste products of 
fungal metabolism. The system of curves was probably not explored in 
sufficient detail to bring out this point since the curve for 0-15 A, imcommon 
with that for acid absent, shows a maximum at o-oiN. In spite of the 
similarity between the curves, the form was probably determined by 
different factors since no staling was recorded on the ninth day in media 
containing c-i5A in combination with o*o4N. With further addition of 
acid (o* 3A) the maximum vanishes and rate of spread is directly related to 
nitrogen content of medium. 

Restdts considered in relation to adva 7 ice of fzmgi within the host tissues. 

Seth (13) found that fungi vary considerably in their response to 
altered concentration of acid and that their response to acid is in general 
related to their power of attacking apples, as determined by Das Gupta 
(2, 3). The fungi isolated from Worcester Pearmain apples, a variety with 
relatively low acidity (o-4A approximately, falling to zero acid with 
increasing age), includes, as reported by Horne (10) fungi such as Botrftis, 
Phomopsis^ &c., which cause fairly rapid decay in both sweet and sour 
varieties ; others such as F. fructigenum which cause decay in sweet 
varieties and may cause spotting in sour varieties ; and others such as 
Pleospora, Polyopetis^ and Alternaria which are chiefly responsible for 
spotting in sweet varieties. According to Seth (13) P, cofieglanensis and 
according to Horne (11) Botrytis can maintain growth in media containing 
more than i*oA. The results presented in this paper show that F.fructi- 
genmn D is less tolerant of add, but a certain amount of growth was 
observed in media containing more than o*8A. Pkospora^ Polyopem^ and 
Alternaria are, however, unable to maintain growth very well at levds of 
addit}^ higher than o-4A or 0-6 A. ^ ^ 
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When a sweet variety such as Cox’s Orange Pippin (o4A falling to 
o«aA approximately) is held in storage under low temperature conditions 
(i-'5°C.) these different fungi attack in sequence, as shown by Horne (11)« 
Thus Botryiis attacks early in the storage period, F. fructigenum D later, 
and, later still, Polyopeus and Pleospora. At high temperatures (15-20'^ C.) 
chemical changes take place rapidly in the apple, one fungus rapidly 
succeeds another, and within a fortnight spots and decayed areas due to all 
the fungi mentioned may be present, as recorded by Horne for the 
Worcester Pearmain apples already mentioned. 

The reason why spotting is much more prevalent in sweet varieties is 
because the number of attacking fungi is not limited by acidity. Spotting 
is of course liable to occur in sour varieties such as Lane’s Prince Albert 
and Bramley’s Seedling, but to no appreciable extent, unless acidity is 
abnormally low, or it is late in the storage season, when acidity has fallen 
to a minimum. Weak strains, for example Pleospora, Polyopeus, and 
Alternaria, are rarely responsible for such spots. Horne ( 7 ) on one occasion 
isolated C. ludibunda from spots or areas occurring on more than fifty Lane’s 
Prince Albert apples. Horne (11) also found that certain strains of F, fructi- 
genum were able to attack Bramley’s Seedling apples (i-oA falling to 
o» 5A approximately), but the rate of invasion was very low compared with 
that determined for the same fungi in the Cox’s Orange Pippin variety. 

Changes in chemical composition associated with increasing age of 
fruit are not confined to acidity which falls to lower and lower levels as 
time passes. The sugar content also changes both as regards total sugar 
content and relative proportions of glucose, sucrose, and fructose present in 
the fruit. These changes result in a final lowering of the total sugar content. 
The results presented here show that variations in sugar supply affect rate 
of spread to nothing like the same extent as do variations in acidity. This 
statement is borne out by the results of the experiments with mixtures of 
sugars. As observed before (see Figs. 3, 6, and 8), spread, in a mixture (X) 
of glucose, sucrose, and fructose in the proportions in which they are 
present in Worcester Pearmain apples twenty-five days after gathering, 
exceeds that in a mixture (X"") representing the same fruit twenty- five days 
later, for all corresponding acidities. When, however, spread in X at 
0‘25A, the concentration of acid normally present in Worcester Pearmain 
apples after twenty-five days* storage, is compared with spread in X*' at 
o-i^A, which represents the concentration of acid in the apple after fifty 
days* storage, rate of spread in the latter medium is much greater, indicating 
that fungal response to the fall in acidity is more than sufiSdent to counter- 
act the slightly adverse efifects of the change in sugar composition. 

X. fructigenum is a somewhat more active parasite than the other 
species of fungi considered here, and more detailed knowledge of its 
attacking power is available. Horne (7) has shown that the rate of 
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invasion of Cox's Orange Pippin by strains A and D increases with age 
of apple for some weeks after gathering. The acid content of these apples 
woold fall from about o«7A to (approximately) o-3A during the storage 
period. The results described here have shown that such a change in acid 
concentration has a favourable effect upon the growth of these strains in 
synthetic media^ hence, it would appear that acidity of the fruit is of great 
importance in determining the extent of attack by F. fructigenum. The 
behaviour of the strains of Fusarium on X and X' also suggests that, as 
with the other fungi, acidity rather than changes in sugar content of 
Worcester Pearmain apples will be responsible for any increased suscepti- 
bility of the fruit with age. 

Horne and Gregory (11) found that the strains of F\ fructigenum q,o\AA 
be arranged in a definite order of attacking power which was independent 
of variety of apple. Strain D occupied the first position in this series, the 
weaker strain A an intermediate position. These strains received more 
detailed attention by Horne in a later paper ( 7 ). Samples of Cox’s Orange 
Pippin apples were inoculated every week with strain A on one side and 
strain D on the other side of individual apples. By plotting radial advance 
against time, curves were obtained showing progress of invasion by the two 
strains. Early in the experimental period D proved much more active 
than A, but as time went on the curves converged until at the end of the 
experiment the rate of invasion was nearly the same in both cases. During 
the course of the experiment the acidity of the apples had been gradually 
falling, probably from about o-6A to o-aA. Horne later obtained a similar 
result, as yet unpublished, with Worcester Pearmain apples in which acidity 
may fall to zero at the end of the storage period. This varying response 
may be explained to a certain extent by differences in acidity of the apples. 
In media containing little or no acid, and therefore comparable with 
Worcester Pearmain apples in this respect, strain A grows much faster than 
strain D ; but in media containing as much as o-3A, the two strains grow 
at approximately the same rate. Here fructose appears to be an important 
factor, since at higher acidities when fructose is present (Figs, ii, 1%^ 15, 
and 1 6) strain D is more active than strain A. 

Nitrogen content of fruit may also influence the degree to which 
different samples are subject to spotting. Horne and Gregory ( 11 ) have 
shown that a positive correlation (0*737) exists between the rate of advance 
of C. ludihmda and the value of nitrogen concentration in Bramley's 
Seedling apples, but they point out that the comparisons made were too 
few to establish the significance of this correlation. Experiments by 
Horne (7) in which F, fmctigenum D has been tested on Cox's Orange 
Pippin have proved that the rate of advance of the fungus in any one year 
varies directly with the nitrogen content of the fruit, the acid concentration 
being between 0*3 and 0*4 per cent. This is in agreement with- tho .^ results 
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presented in this paper (see Fig% 19), where the growth of strain D is found 
to be favoured by increasing the nitrogen content of the medium at o*3A. 
Recent work by Horne ( 9 ) supplies further evidence of a direct relationship 
between nitrogen content and susceptibility of apples. Newton Wonder 
apples from some trees which had been ringed and from others not ringed 
were inoculated with C. ludihunda CE, and Diaporthe perniciosa DHfh 
The proportion of nitrogen in the fruit was also estimated. It was found 
that the apples from the ringed trees contained less nitrogen than the others 
and were less susceptible to fungal attack ( 9 , p. 385). Again, Bramley's 
Seedling apples from trees which had received different maniirial treatment 
were inoculated with C tudibunda CE. The fungus was found to advance 
most rapidly in those apples which by chemical analysis were known to 
contain the highest proportions of nitrogen ( 9 , p. 388). 

The results obtained with the Ftisarimn strains by the present author 
suggest that although a positive correlation between the nitrogen content 
and fungal attack may hold good for apples which contain 0-3 per cent, or 
more of acid, it is possible that the susceptibility of sweet varieties such as 
Worcester Pearmain may, under certain conditions, be inversely related to 
the nitrogen content. 

No information is available as to the rate of invasion of fruit by 
Pkospara, Poly opens ^ or Alternaria in relation to nitrogen content. The 
present results suggest that, as far as these fungi are concerned, nitrogen is 
not as important a factor as acid. Comparison of Figs. 17 A and B with 
Figs. 2, 5, and 7 shows that the changes in nitrogen concentration have far 
less effect upon growth than have variations in acidity. The three fungi 
also respond to changes in nitrogen supply in different ways, hence no 
generalizations can be made concerning the possible effect of this factor 
upon the occurrence of spotting. 

VII. Summary. 

The chemical factors affecting advance within the host tissues of 
Pleospora kerbarum^ Polyopeus, Alternaria^ and Ftisarimn fruciigenutn^ 
fungi responsible for spotting of apples, have been investigated, using the 
cultural method adopted by Seth. 

The curves obtained by plotting radial spread against acid concentra- 
tion conform to types I and II recorded by Seth, namely, hyperbolic 
curves, as shown by F. fructigemmi A ; and curves with a rising limb, a 
maximum point (found at approximately o-tA), and a falling limb, as shown 
by P leospora^ P oly opens ^ Alternaria^ and F* fructigenum D (high glucose) . 
These fungi spread very slowly in media containing more than 04A, a fact 
which probably explains why fungal spotting is much more prevalent in 
dessert (sweet) than in sour varieties of apple. 
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Changes in the concentration of sugar within the experimental limits 
did not greatly affect the rate of spread observed at different levels of acid^ 
and little effect was apparent when sucrose was substituted for glucose* 
The substitution of fructose for glucose yielded the following results: 
(1) Pleospora^ rate of spread closely corresponds with that observed when 
glucose is present ; {%) F. fructigenum D and Alternaria, fructose favours 
spread at nearly all levels of acid tested ; (3) F. fructigenum A, fructose 
favours spread at relatively low levels of acid, but at higher levels spread is 
retarded. No growth was observed in media containing 0*3 A combined 
with 9*oF. It is therefore inferred that fructose content is partly respon- 
sible for the change in the order of attacking power of F, frticiigemmi strains 
A and D previously recorded as associated with increasing age of fruit ( 7 ). 

The results further show that the fungi studied vary in response to 
changes in nitrogen supply. When no acid is present in the media, curves 
expressing the relationship between radial spread in nine days and nitrogen 
content, tend to rise to a maximum at a nitrogen concentration little more 
than 0-0 per cent., and then fall as concentration increases. When acid is 
present the same fungi vary more widely in response. Thus when i*5A is 
added, the curve for Alternaria tends to fall as nitrogen concentration 
increases from zero to about 0*4 per cent., and then pursues a nearly 
horizontal course. The curves for F. fructigenum A and D, on the other 
hand, rise to a maximum and then fall. With further increase in acid 
(o* 3A) the curves for the strains of F. fructigenum rise continuously as 
nitrogen concentration increases from zero to the relatively high value of 
about o-iN. Hence with this fungus a change from 0*15 to 0-3 per cent 
in acid content of medium, results in a reversal of the relationship between 
radial spread and nitrogen concentration for values ranging from o-oiN to 
0-03N. This point is of particular interest because it suggests that in apples 
of low acid content, the usual relationship between radial advance of the 
fungus and nitrogen content of the fruit may possibly be reversed. 

This investigation has been carried out during the tenure of a 
maintenance grant from the Department of Scientific and Industrial 
Research. 

In conclusion I wish to express my thanks to Dr. A. S. Horne, who 
has supervised the work, and to Professor V. H. Blackman, for their 
valuable advice and criticism, I am also indebted to Mr. H. Tooley for 
taking photographs of the illustrations. 
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The Absorption and Accumulation of Solutes by 
Living Plant Cells. 

VI. The Absorption of Potassium Bromide from Dilute Solution 
by Tissue from Various Plant Storage Organs. 

BY 

,W. E. BERRY 

AND 

F. C. STEWARD. 

(B Of any Department^ University of LeedsP) 

With one Diagram in the Text. 

T he absorption of solutes by living cells has attracted considerable 
attention, no doubt because it involves problems equally perplexing 
from the physico-chemical and biological points of view*. It is becoming 
increasingly evident that the problem cannot be investigated as one of 
physical chemistry alone, but must be approached with the recognition that 
the metabolic and vital processes participate in a mechanism which is 
peculiar to living systems ; although it is not suggested that if a complete 
analysis became possible the mechanism would contravene fundamental 
physico-chemical laws. This is well illustrated by two series of investiga- 
tions in which potassium bromide (because of its neutral, non-toxic nature 
and the facility with which it may be absorbed and subsequently esti* 
mated (11)) has been extensively used. 

The first series (12, 14, 15, 16, 17) has been concerned with the inter- 
nodal cells of the green alga Niiella clavata from which vacuole sap may 
be derived almost uncontaminated by other constituents. It has been 
emphasized that the cells absorb bromide until high internal concentrations 
are attained, because they can utilize energy derived from their own meta- 
bolism. Since the cells of Nitella do not store extensive carbohydrate 
reserves it was found necessary to maintain this supply of energy by 
exposure to light during the absorption period (14). Results were obtained 
which showed a close correlation between the amount of bromide absorbed 
and the duration and intensity of illumination (17), and there is also some 
suggestion (12) that oxygen supply may be of importance* 

[Aunals of Botany, Vol. XLVin. No. CXC. April, 1934-1 
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The second series of investigations (29, 30, 31, 32, 33) has utilized cells 
rich in carbohydrate, namely the storage parenchyma of the potato tuber. 
With this tissue high internal concentrations ^ are more rapidly attained 
from dilute solution than in the case of Nitclla, Again it has been possible 
to produce a considerable amount of experimental evidence which suggests 
that the absorption process in potato is much more intimately connected 
with vital metabolic processes than the older work with storage tissue 
indicates, and that it is, in fact, conditioned by those variables which also 
determine the rate of aerobic respiration. In potato the respiration rate 
may attain unexpectedly high values in the cells at the tissue surface in 
contact with a sufficient amount of dissolved oxygen (31, 33), and may be 
maintained over protracted periods (32, 33) at the expense of the afore- 
mentioned carbohydrate reserve. Simultaneously other indications of 
increased metabolic activity accompanied by extensive salt absorption and 
other processes demanding energy appear in the surface cells. Since the 
internal carbohydrate supply is adequate, the factor limiting the energy 
supply to these cells, and with it both respiration and salt absorption, is 
usually the oxygen concentration in the environment. 

The exchange of chloride for bromide is a prominent feature of the 
absorption of bromide by Nitella cells, though the whole amount is not 
accounted for in this way (17). A similar exchange has been observed in 
the case of Valonia (19). Bromide also penetrates red blood corpuscles 
readily (39), and an exchange of chloride for bromide is the principal 
feature of the distribution of bromide between serum and red blood cor- 
puscles (38). Direct exchange of chloride for bromide is, however, a 
negligible factor in the absorption of bromide by potato tissue (29), there- 
fore it is a matter of some interest to ascertain the behaviour of other 
storage tissues in this respect. 

Should it subsequently appear that the ability to absorb potassium 
bromide is not a fairly general property of plant cells then the results 
obtained by its use would be deprived of much of their value, especially 
for the purpose of the construction of a general theory. Bromide is, of 
course, a common constituent of marine organisms,^ though it is, perhaps 
fortunately, absent (for all practical purposes) from terrestrial plants. This 
absence is^ however, somewhat fortuitous, and is due rather to the rarity 
of its occurrence in the habitat than to any intrinsic inability of the organism 
to absorb this salt. Unpublished observations by Hoagland and his col- 
laborators show that the bromide ion may be absorbed readily by the roots 
of barley {^Hordeum sativuvi) plants, and Anne G% Steward, working with 
one of us (F.C.S.), has found repeatedly that it may be rapidly accumulated 
by growing marrow (Cumrbita pep) plants without any evident injurious 

^ la this case the internal concentrations refer to expressed saps. 

^ Kecall the discovery of bromine hy Balard, in 1826 in the ashes of seaweeds. 



Acmmtdation of Solutes by Living Plant Cells, VI, 397 

effects*^ This communication contains the results of an examination of 
bromide absorption and loss of chloride (if any) by tissue from a variety 
of plant storage organs representing considerable diversity of morphological 
character and a wide range of genera. 

A complete theory of solute absorption must explain the striking 
differences of behaviour which often prevail between different plants even 
when they are exposed to identical solutions. This is a familiar result 
with higher plants in water cultures (22, 23). The analytical data upon 
the fluids normally contained in the vacuoles of various marine and fresh- 
water algae (2, 5, 6, 8, 9, 24) now provide ample evidence that the differences 
(both of kind and degree) observed are not wholly explicable in terms of 
environmental factors, but involve also properties of the cells which are 
characteristic of the species, and are not necessarily identical even for 
closely related plants.^ Brooks (6) apparently suggests that the salt con- 
tent of marine algae may even supplement, if not supersede, purely morpho- 
logical criteria in - their identification. There has been a recent tendency 
to attribute these highly specific differences between cells to subtle variations 
in the functional membranes in cells (20, 21, 40). It is true that a much 
favoured view (18) of the membrane structure which combines elements 
both of the lipoid solubility and ultra-filter theories gives ample scope for 
highly specific differences. Slight variations in the number, size, and 
charge of the hypothetical water-filled pores as well as the properties of 
the otherwise continuous membrane present endless possibilities. Whilst 
this avenue of approach cannot be neglected entirely, the experiments here 
reported have been actuated by the idea — which naturally emerged from 
the preceding investigations already referred to — that differences in the 
capacity of cells to accumulate salts are more probably associated with 
fundamental differences of vital function or metabolism than resident ex- 
clusively ill the properties of a membrane. One might well despair of 
successful inquiry into the cause of these essentially biological differences 
solely by analysis of mature cells, the sap-content of which has been 
attained over relatively long periods and independently of any experimental 
control. For biological comparisons of this kind plant-storage tissues, 
which may all be subjected to experiment under completely controlled 
environmental conditions (30), are particularly suitable; and the more so, 
inasmuch as it may be inferred with confidence from the results of earlier 
investigators (35, 36, 37, and papers cited in these works) that various 
storage tissues will reveal differences in their capacity to absorb salt To 
ascribe these properties to manifestations of ‘ selective permeability ’ merely 

^ Rosenfels (University of California) has shown in unpublished experiments that bromide may 
be accumulated by Elodea. 

2 The behaviour towards dyes of several species of Valonia has been investigated by M. M* 
Brooks (4). 
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evades the problem, especially as it becomes increasingly more difficult to 
relate the so-called permeability properties (as revealed by plasmolytic or 
tissue conductivity methods) to the absorption process in the normal cell. 

The close parallel between the respiratory behaviour of potato tissue 
and its salt absorption suggested that the differences, if any, in bromide 
uptake of different tissues might be correlated with similar differences in 
their total respiration as measured by the carbon dioxide production ; 
although Parker (25) failed to find any direct relationship of this kind for 
the root systems of different plantsP The respiration data in this paper 
test this point of view. 

The storage tissues used. 

Amongst the fleshy plant structures in which organic matter (both 
soluble and insoluble) is stored in parenchyma cells there is great variety 
of morphological nature, of storage substance, and of genei'al physiological 
activity. Such differences are conspicuously displayed by the tissues 
employed in this investigation. Many, though perhaps not all, of these 
tissues have previously figured in salt absorption experiments, although the 
differences between them have not, we believe, been examined by the 
methods here employed. The investigation concerned solely the more 
outstanding differences between different storage organs, and was not 
extended to include a consideration of the smaller ones between varieties, 
though this might eventually prove profitable. 

From the standpoint of the present discussion particular importance 
attaches to those tissues which remain capable of a further period of growth. 
The factors which determine the onset of renewed growth, where this is 
possible, are no doubt complex. The capacity to grow may reside in 
lateral buds borne upon a structure which is morphologically a swollen 
stem (e.g. potato, artichoke, and kohl-rabi) or again in the renewed activity 
of an existing cambium or a phellogen regenerated in cells which originated 
by the division of a similar tissue. All the stem structures cited may, 
under appropriate conditions, develop renewed activity in both these ways. 
The dormancy of the resting organ seems to be controlled by the buds, 
and when these eventually grow they deplete the stored carbohydrate 
reserves of the parenchyma cells. Detached slices, free from buds, when 
cut from the dormant organ may still embark upon further growth. The 
production of a cork cambium at a cut potato surface is familiar (27, 28). 
Both artichoke and kohl-rabi are capable' of similar behaviour,^ though 
certain minor differences (e.g. rate) are apparent. 

The organic reserves of enlarged roots may be depleted during a sub- 

^ Those effects of respiratory carbon dioxide which depend upon solution of otherwise insoluble 
minerals need not concern us here (10, 22). 

^ Unpublished observations by Miss E. Chamberlain and one of us (F.C.S.). 
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sequent g:rowth cycle by the development of buds usually borne^ not upon 
the root proper, but at the crown of the storage organ* However^ the tissue 
of the enlarged root, though devoid of buds, may still In many cases 
actively regenerate at a cut surface exposed to moist air. The details of 
the process may be somewhat complicated (1, 28, pp. 55-9), and need no 
full discussion here. Suffice it to say that the somewhat random prolifera- 
tions producing callus tissue or the more regular divisions of the cork 
phellogen which may arise are usually most active in tissue nearest the 
existing cork or vascular cambium, both of which can embark upon renewed 
activity. In those cases where the storage organ possesses concentric rings 
of vascular cambium (e.g. beet, &c.) the tissue bordering the outer rings is 
usually the most active, and this activity tends to spread over the inter- 
vening zones of parenchyma cells. With one exception (dahlia tuber) the 
wound healing of all the root structures used in this investigation had been 
previously investigated by Bebbington in this Department (see28)« Recent 
unpublished observations show that slices from dahlia tubers are also 
capable of healing in moist air. All these tissues do not heal with equal 
facility. An outstanding case is that of parsnip which heals with extreme 
difficulty (see 28, p. 58). 

The fleshy pericarp of pome fruits (morphologically either enlarged 
receptacle or the fused bases of floral parts) exhibits different behaviour. 
Being devoid of buds, or of cambium (except in the vascular strands), and 
isolated even from the seed, these tissues though composed of living cells, 
remain incapable of further growth, and their stored carbohydrate and 
organic acid are not utilized by the plant. Further, they do not even 
regenerate at a cut surface after they are mature. For example, Chandler (7, 
p. 647) states : ‘ The fruit is in a measure at least a living thing. After it 
reaches maturity it contains apparently no cells that can be caused to 
divide ; and so it can form no new tissue, not even a corky covering for 
wounds. The changes that take place are primarily those involved in 
breaking-down of materials ; the fruit is destroying itself by its own pro- 
cesses.’ Two cases in point are the fleshy tissues of apple and pear. 

Certain other structures present slightly different features. Though 
morphologically modified leaves they are associated with active growing 
regions (bud or embryo) which may deplete their stored carbohydrate 
when growth ensues, although no further development of their parenchyma 
cells is possible. The bulb scales of monocotyledons are composed of 
tissue of this kind. They are devoid of cambium, and wound cork, rela- 
tively rare amongst monocotyledons (26), is at any rate not formed by the 
isolated tissue of the bulb scales of onion which when isolated from the 
bud seem to be completely incapable of any further growth. Similar con- 
siderations apply to the fleshy cotyledons of leguminous seeds, e.g. pea 
(Pisum sativum), and bean (Vida faba)^ the living cells of which do not 
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normally grow even after absorption of water, and remain incapable of 
further growth if completely severed from the embryo. Certain special cases 
where cotyledons may regenerate roots need not concern us here (see 28). 

These considerations have been set out at some length because it 
appears that they are associated, in a manner which will siibscqueiitly 
appear, with the behaviour of the tissues in dilute solution, although it is 
true that the histological changes during wound healing already referred 
to are characteristic of the behaviour in moist air, and are not completed 
in a limited period under aerated water. 

Technique. 

In all cases where massive tissues were used they were cut into circular 
discs by the procedure described elsewhere (30). Hie orientation of the 
circular cylinder of tissue first removed, and consequently of the discs cut 
from it, was determined rather by convenience than by any morphological 
consideration. In five cases (mangold, artichoke, dahlia, potato, and kohl- 
rabi) the discs used corresponded to transverse sections of the storage 
organ — unless otherwise stated the remainder were cut in a tangential 
plane. It maybe assumed that the organs bearing buds were so large that 
the discs did not actually contain bud tissue. Where a prominent central 
core of woody tissue (carrot and parsnip) was present or carpels containing 
seeds (apple and pear) these portions were discarded. The bulb-scale 
tissue used was derived from the central portion of the larger scales of 
onion, and the discs, which had the original thickness of the scale, were of 
the same diameter as those of the other tissues. The epidermis with its 
impervious cuticle was removed from both surfaces of the onion discs. The 
cotyledons of bean and pea were derived from seeds swollen for twenty-four 
hours in distilled water after a preliminary sterilization (in dilute sodium hypo- 
chlorite by the method in common use for seeds) and subsequent washing. 

The testae were discarded, and the cotyledons separated and used in 
batches of loo (i.e. 50 seeds) in the case of pea and 50 for bean (25 seeds) 
after the embryos had been completely removed. Only very minute and 
almost negligible growth^ of unremoved portions of embryo occurred in 
a few of the cotyledons of pea, and external growth in bean seemed insuffi- 
cient to warrant removal of any tissue. Wherever possible (all cases except 
those of the cotyledons) the final salt analyses were made upon the expressed 
sap, and in the exceptions stated the whole tissue was examined after the 
usual washing procedure in presence of alkali.^ In the latter cases the 
bromide concentrations were calculated as mgm. equivs. per litre of total 
water In the tissue. 

Forty discs of tissue approximately o*i6 cm. thick were placed in two 

^ Removed prior to analysis. 

® Ror methods, of analysis see' (30). '"KaO, II’ used instead of NagOa. 
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litres of dilute* potassium bromide (0-00075 M) solution contained in the 
special vessels designed for this work ( 30 ). The methods for the control 
of environmental factors and for the determination of carbon dioxide have 
been fully described elsewhere ( 30 ).^ The experiments (at C.) were 
conducted in three series. In the first, which lasted 91 hours, all the 
tissues (dahlia, parsnip, mangold, kohl-rabi, carrot, red beetroot, artichoke, 
and turnip) remained healthy, though certain of the solutions developed 
slight turbidity. In the second, which was of 104 hours’ duration, the 
tissue^ (apple and pear) became somewhat disorganized (especially the 
apple). In the third series (cotyledons of pea and bean and the bulb scales 
of onion) it was decided to terminate the experiment after 65 hours since 
the solutions became decidedly turbid. 

Experimental results and discussion. 

The experimental results are presented in Tables I and 11 and also 
graphically in the diagram. For comparison with Series I a typical result 
with potato (obtained on a different occasion, but under similar conditions) 
is included. Since the unknown specific surface of the tissue pieces in 
Series III was not identical with that of the tissue in Series I the respiration 
data are omitted, but since these issues failed completely to accumulate 
bromide, these results do not greatly affect the subsequent comparison 
between respiration and bromide absorption. 

The total halide and chloride concentrations in the initial and final 
expressed sap of the tissues of Series I indicate the probable importance of 
a direct exchange of bromide for chloride in these tissues. It has been 
shown previously that the bromide absorbed by potato is not exchanged 
for chloride, and it is not necessary to recapitulate these results ( 29 , 32 ). 
It will be evident that in the case of kohl-rabi, turnip, and artichoke the 
chloride content was maintained at approximately its original value, despite 
some considerable bromide absorption, equivalent to several times the 
original chloride content of the tissue in the two former cases. Some 
slight reduction in concentration may not imply a loss of chloride by the 
tissues since they invariably gained a little in fresh weight. These figures 
remain uncorrected for this factor. Beet and mangold exhibited a signifi- 
cant loss of chloride though less than the bromide absorbed. For these 
samples of carrot and dahlia tissue the loss of chloride was slightly in 
excess of the bromide absorbed, whilst in the case of the parsnip it was actually 
many times greater. There is then very considerable doubt, even in those 
tissues in which a definite decrease of chloride occurred, whether this was 
directly related to bromide absorption. The dangers inherent in the mere 

^ Air the differences between different tissues subsequently referred to, greatly exceed those 
between parallel samples of similar tissue (38). 

^ Inadvertently used in discs thinner than series I. 



402 


Beffy dftd Stewdi^d^ — The A.bsofptwfi d-nd 


Tissue, 

Carrot 

Parsnip 

Beet 

Mangold 

Kohl-rabi 

Turnip 

Artichoke 


Table I 


Mean 

F resh 

Final 

Period, 

Hours, 

ingm. C 0 .» 

thickness 

weight 

weight 

grin. lirs. 

(cm.). 

(40 discs). 

(40 discs). 




0-159 

54-20 

60-27 

X 

19-00 

0 - 14 ! I. 

2 

24 "SS 

0*2080 




3 

23*00 

0.2161 




4 

24*33 

0-2105 




1 to 4 


0*1967 

0-163 

S3-6i 

65-40 

I 

20*33 

0 - 2 I 0 I 


2 

24-25 

0-2995 




3 

23*50 

0*3493 




4 

24*25 

0-2920 




I to 4 


0-2905 

0-159 

60-73 

72*82 

I 

19-00 

0-141 1 


2 

24*58 

0*1 868 




3 

23.00 

0-1737 




- 4 

24*33 

o-i58r, 




I to 4 


0-1663 

0-157 

56-72 

66*92 

1 

I 9 ' 5 S 

0-1288 




2 

24*33 

0-1649 




3 

23*33 

0-1395 




4 

24*25 

0*1410 




X to 4 


0*1537 

0-179 

65-08 

76*97 

1 

19-58 

0*1864 




2 

24*33 

o-2o66 




3 

23*33 

0*2585 




4 

24*25 

0*2632 




I to 4 


0*2307 

0-159 

53-95 

62*39 

1 

19-08 

0*1639 




2 

24*41 

0*2024 




3 

23-00 

0*221 8 




4 

24*4 1 

0- 1 948 




I to 4 


0*1972 

0-158 

55-56 

56*44 

1 

19-08 

o*i668 




2 

24-41 

0*0909 




3 

23-00 

0*0638 




4 

24*41 

0*0498 




I to 4 


0-0889 

0-157 

61-03 

62*49 

I 

20-33 

0*1125 




2 

24*25 

0*1350 




' 3, 

23*50 

'0*1:427 




4 

24*25 





X to 4 




Dahlia 
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Table I 

{continued). 




Mean 

Fresh 

Final 



Tissue. 

thickness 

weight. 

weight Period. 

Hours. 

iliglii, 


(cm.). 

(40 discs). 

(40 discs). 


grm. ors. 

Potato 

0 -IS 7 

6i*20 

69*40 I 

17-91 

0*1517 




2 

2375 

0-1384 




3 

25-60 

0-1355 




4 

26*50 

0-1266 




I to 4 


0-1335 

Apple 

0-075 

iO'6o 

9*21 I 

22*25 

0-0986 




2 

24-00 

o-o686 




3 

24*50 

0-0545 




4 

24*00 

0*0471 




I to 4 


o-o666 

Pear 

0-075 

1870 

12-82 I 

22*25 

0*0904 




2 

24*00 

0-0516 




3 

24*50 

0-0403 




4 

24*00 

0-0596 




I to 4 


0-0751 



Table II. 




Ext. Cone. KBr. = 

0*75 mgm. equivs. per 

litre. 


Series. 

Tissue. 


Sap cones, mgm. equivs. per litre. 




Final Br. 

Final (Br + Cl). 

Final Cl. 

Initial Cl. 

1 . 

Carrot 

4-63 

14*21 

9-58 

15*92 


Parsnip 

1-74 

5*22 

3-48 

13*32 


Beet 

14-38 

27*90 

13-52 

15*08 


Mangold 

10-40 

36-60 

26*20 

33*24 


Kohhrabi 

12-78 

i8*6i 

5*^3 

6-73 


Turnip 

22-73 

25*90 

3'I7 

4-83 


Artichoke 

20*20 

47-51 

27*31 

24-79 


Dahlia 

2*84 

II-IO 

8*26 

11-53 


Potato 

11-62 




IL 

Apple 

negligible 





Pear 

negligible 




HL 

Onion 

0-34 





Pea cotyl. 

0*05 





Bean cotyl 

0-38 i 





comparison of initial and final saps, which cannot segregate those effects 
which rapidly follow the immersion of the tissue in water from those 
directly associated with the slow and progressive absorption of salts, have 
previously been emphasized for the case of potato ( 29 ). No dotibt these 
complications will apply in somewhat unknown degree to the tissues in 

^ It is possible that even this amount was localized in unremoved portions of embryo whose 
growth during the experiment was not conspicuous enough to suggest further dissection prior to 
analysis as in pea. 
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question. There is little doubt (as we shall subsequently stress) that the 
bromide ion was absorbed by a relatively small proportion of the cells of 
the discs used. Potato cells which, for other reasons, are not sufficiently 
active to absorb bromide may, though still living, lose chloride extensively 
(32). The possibility remains that where an extensive loss of chloride 
occurred it proceeded mainly from cells not actually absorbing bromide. 
Apparently then a direct exchange of bromide for chloride, such as that 
shown by Nitella, is not a prominent feature of the absorption of this ion 
by storage tissues. Doubtless these tissues (and especially those which 
sustained but little loss of their original solutes), like potato tissue, absorb 
bromide associated with the cation potassium. It has been possible to 
verify this fact in the case of artichoke (34)d 

A cursory examination of the data might suggest that there is little 
evidence of any fundamental property of the storage tissues which deter- 
mines their bromide absorption. It is quite certain that where comparisons 
between the bromide absorption of different tissues are concerned the total 
carbon dioxide production has not the significance which previous work (31, 
32, 33) — and many as yet unpublished results — show that it has when the salt 
absorption of the same tissue under various experimental conditions is in 
question. The diagram shows that high total respiration and high salt absorp- 
tion are not invariably associated, in fact, so many combinations of high 
respiration and low salt absorption, and vice versa, can only preclude any 
simple explanation along these lines. The tissues also exhibit different be- 
haviour in the drift of respiration with time. Artichoke shows a progressively'^ 
and rapidly declining respiration rate whilst kohhrabi exhibits a steadily 
increasing respiration. Between these two extremes other tissues occupy 
intermediate positions. The relation, if any, between the behaviour of the 
respiration in time and salt absorption has not as yet been examined in 
detail except in the most striking case, namely, that of artichoke (see 
Diagram). One property is common to all these tissues. Without excep- 
tion they respire over the interval studied at a much higher rate than the 
original storage organ — another example of the so-called wound respiration. 
In the case of potato it has been pointed out that this increased respiration 
is largely conditioned by oxygen supply and is peculiarly localized in a few 
surface cells. One might confidently anticipate that similar conclusions 
would also apply to the other tissues of Series I. In the cases yet examined 
(artichoke, and carrot) this appears to be true. Despite their reduced 
thickness, which in the light of other work with the tissues of Series I might 
have been expected to cause much higher respiration rates, the tissues of 

^ The question whether salts with less readily absorbed cations (Ca), or previous treatment with 
KCi may induce chloride-bromide exchange by storage tissue is receiving further attention* 

^ much shorter washing and first period, would, no doubt, have revealed a brief period during 
' which the respiration was rapidly rising. , 
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Series II exhibited lower and falling respiration rates not greatly in excess 
of the probable figure for the uncut fruit at this temperature. 

In the face of such striking differences in salt absorption and respiration 
under identical environmental conditions as those shown by artichoke and 
dahlia It is difficult to avoid designating them ‘specific’ or ‘selective'. 
Without doubt, however, the degree of bromide accumulation must be in 
part determined by the previous history, variety, &c., of the particular 
batch of tissue utilized — a matter necessarily somewhat obscure in these 
experiments. It is not proposed to seek here an explanation for the 
relatively small differences such as those which obtain between mangold 
and kohl-rabi in Table III, but rather to inquire whether there is any 
property common to ail those tissues which accumulate the bromide ion 
(without especial regard to the degree of such accumulation) ; a property 
in fact which might bestow the capacity to accumtdate this salt. 

It is evident that the storage organs may be divided into two main 
groups — those which will absorb and accumulate bromide and those which 
fail to do so, or merely absorb a little bromide but fail even to reach 
equality of concentration with the external solution. It must be more than 
a coincidence that all of the nine cases available where the storage tissue 
accumulates bromide are drawn from storage organs which, as mentioned 
on p. 398 are still capable of further growth and development by virtue of 
a cambium or the regeneration which normally occurs at a cut surface 
exposed to moist air. Without exception the five reported cases (Series II 
and III) in which the tissue, though subjected to apparently optimum 
experimental conditions, did not accumulate the bromide ion are also cases 
in which the tissue is completely incapable of that recrudescence of vital 
activity which, in the case of the tissues of Series I, leads eventually to 
meristematic activity and renewed growth when they are exposed to air 
and moisture. In two of the cases (Series II) where no bromide absorption 
was obtained the cells once mature normally play no further part in the 
life-cycle of the plant Three other examples (Series III), in which the 
bromide in the tissue aliquot analysed amounted to little more than that 
required for a positive determination, involve structures (morphologically 
modified leaves) which are incapable of further growth, though they may 
release again their storage substance to the plant, but normally only after 
the development of the bud or embryo, from which they were isolated in 
these experiments. 

Apparently the capacity to accumulate salt rapidly from dilute solution 
is essentially a property of cells, no longer strictly ‘ storage ' or ‘ resting ’ 
cells, but actually much more active than the mere absence of external 
signs of growth would indicate. They are, in fact, undergoing such intense 
vital activity that, unless the duration of the experiment and other environ- 
mental conditions impose other limitations, actual cell divisions would 
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eventuate. Tissue which contains no cells capable of such behaviour^ 
despite a considerable rate of carbon dioxide production, remains incapable 
of accumulating salt. In any given mass of tissue the proportion of such 
physiologically active cells will depend very largely upon the storage organ 
from which it was originally removed. In the case of potato the cells at 
the surface of a tissue mass respond very uniformly to oxygen in the 
manner indicated. Parsnip which in Series I shows minimum tendency to 
absorb bromide, coupled with a very pronounced loss of other solute 
(chloride), is also a case in which the tissue is known to heal only with the 
greatest difficulty, whilst artichoke, which absorbed a very considerable 
amount of bromide is remarkable for the great depth of dividing cells which 
may appear at a cut surface in air. Using tissue obtained from organs less 
homogeneous than potato, individual discs, though of the same size and 
specific surface, may differ greatly in the activity of the cells they contain ; 
since cells closest to the original cambium often display greatest activity. 
Further there is a strong presumption^ that these tissues still resemble 
potato in that the surface cells being most favourably situated to maintain 
a high respiration rate are also most active in salt absorption. Both these 
factors will result in unequal distribution of bromide within a single disc. 
It may be possible ultimately to correlate these more detailed differences 
with salt absorption, although at present it will suffice for comparisons to be 
based upon sap concentrations which refer to large numbers of whole discs. 

In short it is no longer possible to assume that cut slices of plant 
storage tissues provide for physiological work, living material in which the 
complexities due to rapid growth and metabolism may be eliminated. It 
appears, especially in the case of salt absorption, that these factors are of 
paramount importance. Even the most recent interpretation by Briggs (3) 
of the behaviour of cut slices of storage tissues ^ is based upon the older 
misconception that the constituent cells have reached a static condition in 
which further changes typical of growing cells play no part. The writers 
can see no justification for this view, though they recognize that the often 
unknown extent to which the capacity of the tissue for renewed growth and 
metabolism was actually effective in past experiments must have been 
limited by factors, neither carefully controlled nor accurately specified^ 
imposed by the arbitrary experimental conditions adopted. Whether the 
increased vital activity which is almost invariably associated with the use 
of a cut surface may be eliminated completely without simultaneously 
destroying the capacity of the tissue to accumulate salts is an interesting 
point. The results, both published (32) and unpublished, obtained by 
changing the oxygen supply to the tissue suggest that the two properties 

^ All those actually referred to resemble the tissues of Series I in that they contain cells still 
capable of further growth. 

® The case of artichoke and carrot has been more fully investigated in this regard. 
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are inseparable. Except in those cases where the storage organ does not 
contain cells capable of further independent growth the outstanding 
differences between growing cells and those of ‘ storage ’ tissues are of 
degree rather than kind. 

Another property of the cells which absorb bromide is suggestive. All 
the tissues which accumulate bromide (Series I) either exhibit protoplasmic 
streaming normally, even in the resting condition (e.g. artichoke, dahlia, 
mangold, &c.) or they do so in discs cut and exposed to moist air or 
aerated solutions (e.g. potato). At least in the varieties of apple ^ and 
pear''^ yet studied, this does not occur extensively, if at all. Protoplasmic 
streaming does occur in the cells of the cotyledons of the pea and bean, 
but only after the plumule and radicle have definitely emerged and 
extensive translocation is taking place. It did not occur in the cotyledons 
swollen and isolated from the embryo in these experiments. Protoplasmic 
streaming can be readily seen in the cells of the inner epidermis of the 
bulb scales of onion ; but only with great difficulty, on account of its 
irregular occurrence and sluggish rate, in the parenchyma cells of the 
immersed discs of bud scale obtained from ungerminated bulbs. It is 
difficult to avoid the suggestive parallelism between the occurrence of 
active protoplasmic streaming, an obvious indication of physiological activity 
and ability to do mechanical work, and the capacity of the same cells to 
accumulate salts from dilute solution. 

The conclusion seems inevitable that the process of salt accumulation 
by storage tissue is a property, not merely of living cells, but of very 
active cells — cells embarking upon a renewed cycle of vital activity which 
would normally culminate in cell division even though this did not actually 
occur within the duration or under the conditions of these experiments. In 
this regard storage tissue resembles the other growing tissues which have 
been observed to absorb bromide. It seems difficult to suppose that the 
properties which determine salt absorption are resident merely in the con- 
stitution of a membrane, except in so far as the membrane, or membranes, 
form part of the protoplasmic system in which metabolic reactions are 
rapidly occurring and hence may be the seat of energy exchanges. 

Summary. 

1. An examination has been made under controlled conditions of the 
respiration and salt absorption of tissue from a variety of plant storage 
organs exhibiting a diversity of morphological and physiological characters, 

2. No simple relation exists between the total respiration and bromide 
absorption of the different tissues, although such has consistently appeared 

^ The observations upon which this paragraph is based were made by Miss E. Chamberlain, 

® Bramley’s Seedling. 

' / ® Except- very slowly in certain cells just beneath the cmticle. 
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where this comparison has referred to the same tissue under a variety of 
experimental conditions. 

3. Of the tissues examined, those which contain many cells still 
capable of renewed growth, as shown by their ability to regenerate in moist 
air, possess the capacity to accumulate the bromide ion, though in dififerent 
degrees, determined by factors not yet specified (except perhaps in the 
extreme cases). Other living storage tissues incapable of this behaviour 
completely fail to accumulate bromide. 

It appears that there exists some relationship between the capacity to 
accumulate bromide and the simultaneous occurrence of active protoplasmic 
streaming (indicative of physiological activity) in the cells. 

4. The tissues which absorb bromide do not directly exchange chloride 
for bromide. Though many of the tissues decreased in chloride content, 
the two processes seem to be independent. 

5. It is emphasized that vital processes, the importance of which has 
been inadequately realized in the past, determine the behaviour of plant 
storage tissues in salt absorption experiments. The mere absence of 
external signs of growth has induced a too facile assumption that the 
processes of growth and metabolism may be entirely neglected. 
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VIII. The Morphology of Austrotaxus spicata Compton. 

BY 

W. T. SAXTON. 

With twenty-five Figures in the Text. 

B esides the original description of this interesting Southern Taxad 
by its discoverer Compton (6), the only morphological work on the 
plant has been the previous account of some anatomical features of the 
ovule by Sahni (24) in comparison with other genera of the Taxaceae. 
Through the kindness of Professor Sahni and Professor Compton some of 
the slides prepared by the former were lent to me for further examination. 
I am also much indebted to Professor Compton for the whole of the 
material, collected on various dates and in several localities, fixed by him 
at the time for microscopic work, which he very kindly placed at my 
disposal. This includes one collection of young ovules at about the time 
of pollination and several collections shortly after fertilization, which 
would appear to take place a little more than a year after pollination. 
Unfortunately no collections of the later series include pre-fertilization 
stages, so that no early pollen-tube structures have been available. There 
is also a collection of nearly mature male cones. 

It will be convenient to consider four aspects of development in turn : 
(<fz) The young ovule about the time of pollination ; (<5) the female gameto- 
phyte and early embryogeny ; (^) the vascular structure of the ovule at 
about the stage of (^) ; (d) the male cone ; concluding with (e) a brief 
discussion of the facts. 

(a) The young ovtde. 

So far as has been seen the peculiar position of the Taxus ovule, 
terminal on an extremely short lateral shoot of the short primary fertile 
branch, as first indicated by Strasburger (27) and more fully studied by 
Pilger (18) and Dupler (11), is not duplicated in Austrotaxus, In the 
latter the ovule appears to be genuinely terminal on the short primary 
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fertile braacli. The material available, however, was insufficient to decide 
this point conclusively. It is only in very favourable sections of Taxiis, at 
a corresponding stage, that the true relation of primary and secondary 
axes can be followed clearly. 

The ovule itself at or near the time of pollination is extremely like 
that of Taxus. Deep in the nucellus is a rather large group of sporogcnoiis 
cells (potential spore-mother-cells). In the few sections available only one 
such cel! has been found to develop further, but the prevalence of more 
than one prothallus in the ovule at a later stage suggests the possibility 
that exceptionally more than one may divide. Fig. i shows the general 
structure of the ovule at this time and Fig. 2 indicates the details of the 
sporogenous tissue from the same section, in which a linear tetrad can be 
seen. Fig. 4 shows a binucleate stage in germination of the megaspore/ 
while a 3a-nucleate stage is indicated in Fig. 5. Comparison with corre- 
sponding stages of Taxns^ Torreya^ and Cephalotaxiis proves a much closer 
resemblance to Taxus than to the other two genera ; especially is this the 
case in sporogenesis, the group of megaspore-mother-cells closely resemb- 
ling that found in Taxus, while in both Torreya ( 7 , 31 ) and Cephalo* 
taxus ( 14 ) no trace of tapetum is found. 

Although the ovule shown in section in Fig. 3 is very probably 
abortive, no pollen having reached the nucellus, yet it is of considerable 
interest as demonstrating quite clearly, in comparison with Fig. i, the 
region of the ovule which is formed by intercalary growth, namely, that 
opposite to the free part of the young aril. 

(b) The female gametophyte and emhryogeny. 

The early resemblance to Taxus, which has just been noted, does not 
extend to the later stages of development. The gametophyte is much 
larger than that of Taxus, though as in that genus there is a marked 
tendency for more than one prothallus to develop in an ovule; two such 
examples are shown in Figs. 9 and 10, The archegonia, too, which are 
relatively large and conspicuously pointed at the base, resemble those of 
Cephalotaxus much more closely than those of any other genus. Com- 
parison of the archegonia of Figs. 6 and 7 suggests the probability that 
a ventral canal nucleus is cut off between these stages. Such a nucleus is 
actually seen in a fair proportion of pro-embryo stages, and it is very pro- 
bable that the nuclei at the neck end of the archegonia in Figs. 12, 14, and 
15 are derived from a ventral canal nucleus. Such a nucleus is undoubtedly 
present in Cephalotaxus (1, 5 , 14 ), but has never been found in Taxus and 
is almost certainly not formed there ( 9 ) and was believed to be absent in 
Torreya taxifolia ( 7 ), though evidence of its formation was obtained in 

1 The term megaspore is retained, its meaning being perfectly clear, in spite of recent justifiable 
criticism by Thomson (29, 30). 
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T. calif arnica (22). Besides the larger size of the prothallus and archegonia 
and the presence of a ventral canal nucleus, there is also, in some cases, an 
apparent development of the ‘ tent-pole ’ structure to which Sahni (25 has 



In all A. ~ Aril, Int. c= Integument, N. Nucellus, S. == Scale* 

B’IGS, 1-5, 1, Longitudinal section of young ovule, showing position and extent of sporogencms 
tissue. Aril very short and completely hidden by upper scale leaves. Ready for pollination. 
X 40, Mount Canala, 2,500 ft, ii. 6. 1914. 2. Sporogenous tissue of Fig. i, showing that the 

central cell has divided to form a linear tetrad, the rest forming the spongy tissue, x 435. 
5. Longitudinal section of a somewhat older ovule which is probably abortive, no pollen having 
reached the nucellus. Note the groove in the integument formed by the pressure of the aril. 
X 32 . Locality and date not known. 4. Bi-nucleate prothallus, and a few surrounding cells of 
the spongy tissue, x 425. Mount Canala, ii. 6. 19x4. 5. Longitudinal section of a 32“nucleate 
prothallus. x 335. Ignambi, 3,500 ft,, 30. 7. 1914. 

drawn attention in Cephalotaxus, Traces of such a structure may also be 
seen jn Taxm, but this is usually only noticeable in quite young stages 
of the ovule and the pointed apex normally disappears by the time 
the archegonia are mature. It may be pointed out, howevc5r,;;;,|bat;;':i'h;, 
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longitudinal section the ‘tent-pole’ appears more conspicuous than it actually 
is if the section passes through an archegonium on either side, since the 
rather deep depression leading down to the neck of each individual 




Figs. 6~8. 6. Longitudinal section of young archegoniiun (one of those seen in the small 
inverted prothallns of Fig. 9), showing the central nucleus immecfiately below the neck, and the 
well-marked jacket cells, x 240. 7. Mature archegonium. Fertilization has taken place in 

a neighbouring archegonium but no pollen-tube has reached this one. It is probable that a ventral 
canal nucleus has been formed and has broken down, x 125, Ignambi, 30. 7. 1914, 8, Upper 
part of Fig. 7, showing character of neck cells, of which sixteen are found in this section and those 
either side of it. x 425. 

archegonium appears almost, if not quite, continuous with the pointed 
apex of the prothallus. It may also be suggested that the comparison 
with ovules such as that of Ginkgo, in which the ‘ tent-pole ’ seems to have 
a definite function in connexion with a free arcbegonial chamber for 
swimming sperms, may not be altogether justified. 

The neck of the mature archegonium (Figs. 7 and 8) is far from con- 
spicuous and cannot always be identified with certainty. In favourable 
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cases it is seen to be composed of not more than sixteen very small cells, 
in one plane, quite distinct from the neighbouring cells of the gametophyte. 
The number of cells in the neck is thus considerably more than in any 
other genus of the Taxaceae. 

The archegoniai' are always quite separate from each other, and each 
has a well defined layer of jacket cells (Figs. 6 , 7, 8, 14, 15). The number 
of archegonia usually ranges from three to five and is often four. There 
may be less in the case of small secondary prothalli, such as that shown in 
Fig. 9. 

The early embryogeny is quite similar to that of Taxtts (12, 13,15, 26) 
and Cephalotaxus (1, 3 , 5 , 14 ), but the resemblance to Cephalotaxus is closer 
in some respects. No walls are formed until the transition from the 
8-nucleate to the id^-nucleate stage, and even then more than half the nuclei 
remain free until the next division. Figs. 12 and 13 show a 4-nucleate 
stage, the pro-embryo already only occupying the basal third of the arche- 
gonium. In Fig. 12 the adjacent structures are also seen, including the 
ventral canal nucleus and four nuclei in the pollen-tube. The latter are pre- 
sumably derived from the division of the vegetative nuclei in the tube, and 
are not infrequently met with. Fig. 14 shows a similar pro-embryo after 
the succeeding division. Here also a ventral canal nucleus is seen and the 
end of the adjacent pollen-tube. In Fig. 15 another division has taken 
place and the lower seven of the resulting nuclei are now surrounded by 
walls, while the upper nine lie free in a small mass of cytoplasm. A some- 
what similar arrangement of cells and free nuclei is figured by Jaeger (loc. 
cit.) in Taxus. At the upper end of the archegonium seven or eight other 
nuclei may be seen, the position of which leaves little room to doubt their 
derivation from a ventral canal nucleus. Four pollen-tube nuclei are also 
present, as in Fig. 12. 

Fig. 16 is of a 32-celled stage, drawn from several serial sections. 
Careful study of the whole series shows nine rosette cells and nine suspensor 
ceils. Comparison with the preceding figure indicates a strong probability 
that these result from one more division of the nine nuclei of the upper 
part of the pro-embryo. The embryo cells below are fourteen in number, 
and are arranged in four tiers of 5, 5, 3, and i cells respectively. From the 
limited number of preparations available it appears improbable that the 
arrangement described is quite constant, but on the other hand it is 
certainly typical and not in any way exceptional. Evidently, therefore, 
Amtrotaxus does not closely resemble any other Taxad in these stages of 
its embryogeny. No evidence has been seen of the casting off of a sterile 
cap, as described in Cephalotaxus hy Strasburger ( 27 ), Arnoldi ( 1 ), Coker ( 5 ), 
Lawson ( 14 ), and Buchholz ( 3 ), In other respects the later stages of ttie 
embryo are very similar to those figured for Cephalotaxus by the author^ 
cited, and especially in regard to the formation of a number of rosette 
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In all Int. = Integument, N. = Nticellus, P. » Prothalliis, P.T. — Pollen-tube* 

Pigs. 9-12. 9. Longitudinal section of the central part of an ovule with two prothalli, of 
whicb the upper is small and inverted, x 10. Ignambi, 30. 7. 1914. 10. Section of a similar 

ovule with two normally oriented prothalli. Part of the lower prothallus is missing in the section 
and its probable extent is indicated by dotted lines. Two pollen-tubes are seen in the nucellus. 
X 10. Ignambi, 30. 7. 1914. ii . Median section of the upper part of a normal prothallus, showing 
pointed apex (* tent-pole ’ structure) and depressions leading to the necks of the archegonia. x 40. 
Ignambi, 30, 7. 1914* 12 . A tangential section from the same ovule as Fig. ir, showing nucellar 

cap, pollen-tube containing four sterile nuclei in the swollen apex, and an archegonium containing 
a 4-iiucleate pro-embryo and another (ventral canal ?) nucleus close to the apex, x 40, 
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embryos as described in detail by Buchholz (loc. cit.). Lawson^s Fig. 43 
might equally well have been drawn from Austrotaxus, No evidence of 
cleavage polyembryony (other than in the rosette embryos) has been seen. 

Bi-niicleate and 4-nucleate (rarely 8-nucleate) prothalliis cellSj especially 
in proximity to the embryos, are common. In Taxus numerous 4-nucleate 
and a good many 8-nucleate cells are found in a corresponding position. 

(c) The vascular structure of the ovule. 

The study of the vascular system has been based largely on the slides 
prepared by Professor B. Sahni, to which reference has already been made. 
These include both a longitudinal and a transverse series, almost complete 
in each case. They were supplemented by another transverse series, cut 
chiefly to see whether any noticeable variation of structure existed, but 
this series shows exceedingly close agreement with the earlier set of slides. 

Mature seeds not being available, the actual vascular tissue has hardly 
developed beyond the stage of desmogen strands, though the course and 
position of these are quite clear and unmistakable. The ovule is slightly 
flattened in the plane of the main vascular strands, the dimensions of the 
ovule shown in Fig. 17 being as follows : 

Length mm. 

Breadth in the principal plane 57 mm. 

Breadth in the plane perpendicular to the preceding . 5-0 mm. 

At the extreme base of the ovule is a ring of a few rather diffuse vascular 
bundles, some of which pass into the uppermost bracts and the remainder 
appear to end blindly and very probably correspond to the 'basal plate' 
of Taxus, At each end of the longer diameter a small cylindrical vascular 
strand can be distinguished shortly before the ring of collateral bundles 
disappears. Each strand bends slightly outwards (Figs. 17 and iS) and 
thickens somewhat about 0*5-1 -o mm. below the insertion of the aril. On 
the level of insertion of the aril it becomes very thin and inconspicuous but 
broadens out again on a level with the base of the prothallus, and im- 
mediately above that level it gives off two nearly horizontal branches 
which pass right and left, each through about one-eighth of the circumference 
(Fig. 18), while the main bundle bends rather abruptly a little more out- 
wards. The lateral branches lie in the inner region of the integument. 
Though the integument and nucellus only become separate at a considerably 
higher level, the junction of the two is very clearly marked by a cylinder 
of isolated cells with dark-coloured contents (resin cells ?) and no vascular 
tissue of any kind is found in the nucellus. Nor does any vascular strand 
enter the aril The two main strands thin out as they pass upwards, but 
broaden again near the apex, spreading laterally to form a complete peri- 
micropylar girdle of sclerenchymatous cells. To speak of the inudr huhdfe 
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In all P.T. = Pollen-tube, R* = Rosette, S. = Suspensor. 


Figs, 13-16. 13. An example of a 4-nucleate pro-embiyo from the upper protballiis of Fig. 10, 
X 220. 14, 8-nttcleate pro-embryo, also showing ventral canal nucleus and end of pollen-tube. 
X 220. Ignambi, 30, 7. 1914. 15, i6-nucleate pro-embryo. The lower seven nuclei have formed 
walled cells, the upper nine are free in a small mass of cytoplasm. The ventral canal nucleus has 
proliferated to form, probably, eight nuclei (seven are clearly shown, the eighth doubtfully). Four 
sterile nuclei are seen in the end of the pollen-tube as in Fig, 12. Drawn from several serial 
sections, x 220, Ignambi, 30. 7. 1914. 16. Longitudinal section of young embryo with suspensor 
and Tosette 'Cells. For explanation see text' 'x 125'* , Ignambi, ^310/7.. 1914,' 
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systcfB as ^ micellar ’ is clearly incorrect. In the oldest ovules sectioned no 
ligtiification of the integument had begun, but it is very probable from 




In all A. Aril, K « Embryo, Int. = Integument, N. = Nucellus, P. = Prothallus. 

Figs. 17-19. 17. Longitudinal section of whole ovule to show course of vascular strands in 
the integument, x 10. 18. Reconstruction of a similar ovule, x about 8. For explanation see 

text. 19. Median longitudinal section of the largest ovule seen, cut in half and sketched to show 
relative size and shape of the various parts in comparison with Fig. 17. The embryo is large 
enough to be readily seen with a hand lens. X 4. Ignambi, 13. 8. 1914. 

Compton’s (6) description that the woody part is on the outside and that 
all the vascular tissue lies in the inner (fleshy) part of the integument. If 
this is so, the resemblance to the vascular system of Taxus’s.s described 
by Sahni' (24) is a very close one, as he has pointed out.' Whether the 
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rather elaborate theory propounded by him in explanation of the relation- 
ship between the vascular systems of the ovules in the different genera of 
the Taxaceae can be accepted is open to doubt. It is generally believed 
that the ovule of Torreya can be explained in the manner suggested by 
Oliver (17). According to this view all the basal part of the ovule is an 
intercalated growth and phylogenetically 3^oungcr than the extreme tip ; 
the junction of the older and younger portions corresponds to the original 
chalaza. It is difiicult to follow Sahni’s further elaboration of this ideaj 
particularly in regard to the relation between the vascular system and the 
woody part of the integument He says that parts of the vascular strands 
^ may be imagined to cut their way through the stone, somewhat like a hot 
piece of wure stretched tight and pressed against a block of wax, so that 
the regions through which it has passed have again solidified'. It is very 
hard to believe that any such process can be held to explain the various 
relations of vascular tissue and sclerotesta in the Taxaceae, nor does there 
seem adequate ground for the suggestion that the ‘ entire stone of Cephalo- 
taxus corresponds to the newly intercalated portion of the stone of 
Torreya . . Nevertheless there is evidently a close resemblance between 
the vascular systems of these two genera, particularly in the fact, apparently 
overlooked by Sahni, that in each case the main vascular supply is in, the 
aril {Torreya) or in the outer fleshy part of the integument (Cephalotaxm) 
which is often regarded as homologous with the aril. Arguments based 
on the gradual shifting of a vascular system between an aril and an (inner) 
integument hardly seem profitable, and it may be possible to suggest 
a different comparison. Sahni has himself shown that a rudimentary 
vascular supply enters the young aril of Taxus in the principal plane. Is 
it not possible that it is this arillar supply which is alone developed in 
Cepkalotaxus, while that belonging to the inner integument is missing? In 
Torreya also the main vascular supply would be of this nature, while the 
branches passing in through the foramina correspond, not to the * inner 
system ’ of Atistrotaxus but to the outer system in that genus and to the 
main system of Taxus* If this comparison is a valid one then the inner 
system of Austrotaxus has no counterpart in any other genus of Taxaceae* 
May it not be, further, that overmuch stress has been laid on the morpho- 
logical aspect of these vascular supply systems, while they have perhaps 
developed in various ways to satisfy the physiological needs of a moderately 
large and isolated orthotropous seed ? In most conifers the unripe seeds 
are wholly enclosed in a woody cone and transpiration is probably 
negligible, but so soon as the growing seed is isolated the problem of 
a water supply becomes urgent, not only in the case of an ovule with 
a swimming sperm, as in Gingko and (doubtless) in various palaeozoic 
seeds, but also to a less degree in seeds with a siphonogamic mode of 
fertilization; ^ ■ 
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Another significant fact apparently not assessed at its true value by 
Sahnij though he was certainly aware of it, is that the differentiation of the 
sclerotesta - takes place much later than that of the vascular supply, so 
that instead of the latter forcing its way through the former, the woody 
part of the integument is really laid down around or within or across the 
vascular strands, and is interrupted at the points where these strands are 
already in existence. This is obviously the way that the foramina, both 
incurrent and excurrent, have been formed. 

The general outline of the tissues in the largest ovules available is 
shown in Fig. 19. It is more than twice as long but very little wider than 
that of Fig, 17. Growth has been much greater in the prothalliis than in 
any other tissue, its bulk being thirty to forty times, while the general 
increase in volume is only about three times, that of the ovule of Fig. 17 • 
This increase probably represents about a fortnight’s growth. 

(d) The male cone. 

When this paper was nearly completed Professor Compton suggested 
that a re-examination of the male cones might be useful, since he was not 
quite satisfied with this part of the original description. It had also been 
noted that Pilger’s (20) description was slightly different to Compton’s (6). 
Compton states that * the peltate stamens are similar to those of Taxtis^ 
but are borne in the axils of the bracts of an extended spicate strobilus ’ ; 
also ^stamina peltata, 1-5 in bracteae cujusque axillo, microsporangiis 2-4 
intus inspicientibus, microsporis baud alatis ’ ; while Pilger has ‘ cr^ Bliiten 
in kleinen Ahren in den Achseln von Blattern oder Schiippenblattern am 
Grunde von jungen Zweigen; . . . Bluten mit 1-5 schildformigen Stam. 
mit kurzem Filament It is not clear whether Pilger based his 
description on an examination of specimens of Austrotaxus, or whether he 
interpreted Compton’s description in this way ; probably the latter. A 
careful dissection of well-preserved spirit material, supplemented by 
longitudinal sections of the strobilus, has shown that Compton’s description 
is essentially accurate, but has emphasized the difficulty, already obvious 
from that description, of accepting the usual morphological interpretation 
of the structure bearing the pollen-sacs. This difficulty has previously 
been ably dealt with by Doyle (8), but his reference to Aiistrotaxus is veiy 
brief He remarks that ‘ it is tempting to look upon it as the ‘‘ missing 
link ” i.e. between a primitive strobilus with axillary sporangiophores and 
the usual type of male cone found in conifers. The present investigation 
makes that temptation almost overwhelming, though it cannot be denied 
that another explanation is possible. The resemblance, both in form and 
structure, between the sporangiophoric structures in Taxus and Austrotams 
is so close, except for the smaller number of sporangia, usually three, in 
the latter, that it is certain they are homologous; compare, for instance:, 
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Figs. 31 End 33 with Diiplcrs ( 10 ) figures of Tdxits. CIcEily the ciiiient 
description of the Taxus structure as a ' peltate sporopliyll ’ is a misnomer 
for either genus. It cannot be a leaf for tlie same reason that the oviili-^ 
ferous scale of Pinus, &c., cannot be a leaf, namely, that one leaf in the axil 
of another is morphologically impossible. The word peltate implies an 
umbrella-shaped structure from the under side of which the sporangia liang 
down. Actually there is no sterile tissue left for them to hang from.^ In 
both genera the sporangia alone form the distal part of the structure. In 
Ausirotaxiis the sporangia are so closely united into groups of (normally) 
three that each such group might very well be termed a ‘ synangium the 
stalk ^of the ' synangium’ being apparently devoid of recognizable vascular 
tissue, but as such tissue is certainly present in Taxtis it is better to follow 
Doyle and regard it as a sporangiophore. Let it be realized, however, 
that the sporangia when mature are terminal, in a fused group of three, on 
the stalk and not pendulous from a peltate expansion. Thus there is little 
ground for comparison with Egttiseium, except that the structures borne 
on the cone axis are in each case radially symmetrical sporangiophores. 

It seems impossible to derive the Ansiroiaxus cone from one of the 
Taxus type, yet the sporangiophores are certainly homologous, and we are 
therefore forced to the conclusion that Austrotaxus is primitive relatively 
to Taxus. Tentatively we may suppose the sporangiophore of Cord ai tales 
to have been near the original type. By fusion of its sporangia and 
shortening of the stalk we have the condition in Atistrotaxus., where not 
infrequently a single sporangiophore is axillary to the bract. Proliferation 
increased the number of sporangiophores (and later also the number of 
sporangia in each), and considerations of space made it necessary for sterile 
tissue to grow up separating the individual sporangiophores, resulting in 
the Taxus male cone. The radial symmetry of the sporangiophore was 
lost in Tornya when some of the potential sporangia developed as resin 
cavities, and the sterile part of the sporangiophore then became more and 
more leaf-like, and by this means finally separated the fused sporangia 
again, as seen in the modern Cupressaceae, The modern view of the leaf 
as a modified sporangiophore thus derives considerable support from a 
study of the conifers. It seems probable that the Araucarian male cone 
does not fit into this sequence, but was itself derived much more directly 
from some Cordaitalean type. 

Reference may now be made to the figures. Fig. 30 is a drawing of the 
strobilus on a larger scale than that given in Compton’s paper. Fig. 31 is 
slightly diagrammatic, having been drawn from several sections, but gives 
an accurate idea of the general structure in median longitudinal section* 
Fig. 23 shows the details of part of one of the sections from which Fig. 3i 

^ This refers, obviously, to the niattire structure. The peltate character of the Viry young 
sporangiophore is indisputable. ' ' 
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was constructed, and the structure of the pollen grain is indicated in 
Fig. 33. 

The number of bracts subtending sporangiophores in the strobilus 



Figs, 20, 21. 20. Sketch of a complete male cone, x 7. 21. Diagrammatic radial longi- 
tudinal section of the upper two-thirds of a similar cone, x 12. 


varies considerably, from three or four to about a dozen. Occasionally 
a very few sterile bracts are seen at the distal end (apex) of the axis, while 
several such sterile bracts are always found at the base. 

It will be seen that in the two upper fertile bracts of Fi^^. 21 the section 
is represented as passing through two of the sporangia of a single sporangio- 
phore, that on the right being cut more medianly than that on the left. 
In the lowest bract two sporangia belonging to different sporangiophores 
are drawn, from which it may be seen that the separation between the 
sporangiophores is not very much greater than that between the sporangia 
of a single sporangiophore. 

Fig. 0,4 is also diagrammatic, having been drawn from two similar 
sections, both somewhat broken and incomplete. It has been drawn as 
representing parts of three sporangiophores, passing through two sporangia 
of the middle one and one sporangium of each of the laterals. 
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Certain further features of interest may be noted in these figures. 
Figs. !2i and a-2: (i) The elongated cells marking the normal position of 
vascular tissue consist chiefly of parenchyma with very dark contents. Of 
true vascular tissue there is very little ; such as it is, it ends below the 
sporangiopliore, (ii) On the axis just above the insertion of each bract 
are a number of fine hairs, not cellular, but mere projections from the 
cuticle, (iii) The sporangium wall includes only epidermis, the outermost 
* wall '-layer and a very few flattened and wholly disorganized inner ^ wall '«• 
layers. The epidermal cells have radial and slightly spiral thickenings on 
the walls in the central region of the sporangiophore, and again towards 
the margin, but about half-way between the two the thickenings appear to 
be absent (Fig. %%). The nature and extent of the thickenings can be 
understood by comparison with the surface view of half a dozen epidermal 
cells shown in Fig. 2 ^ 5 . The epidermal cells thus have characters commonly 
found in a hypodermal endothecium. The pollen grain figured is uni- 
nucleate, but it is not possible to state if it is mature. It is spherical and 
slightly larger than that of Taxus before shedding (29). 


(c) Discussion. 

No very close comparison can be made between Taxus and Attsiroiaxus 
on the one hand and Cephalotaxtis and Torreya on the other as regards the 
vascular system of the seed ; but in some other respects, as already seen, 
Austrotaxiis forms a link between the genera Taxus ^ Cephalotaxus^ and 
Amentotaxus^ and a knowledge of its structure confirms the impression that 
the Taxaceac are a well-defined and distinct family of conifers, the members 
of which are closely interrelated but show no close relationship with 
members of an)^ other family. It is now a good many years since Neger (16), 
followed by Pilger (19), suggested the removal of Cepkalotaxus and Ammto- 
taxm from the Taxaceae as a distinct family. Such a view obtains very 
little support from any standpoint except that of external morphology, and 
so far as they go the facts now brought forward are very definitely against 
it. In fact, excepting the Pinaceae (Abietineae) no family of conifers is 
more clearly defined than the Taxaceae. 

Very tentatively it may be suggested that Taxad phylogeny proceeded 
from an ancestor combining to some extent the characters of Austrotaxus^ 
Apun to taxus y and Torreya^ while Taxus and Cephalotaxtis are more 
specialized forms derived from Austrotaxus and Amentotaxus respectively. 


Taxus 

t 

Austrotaxus 



Torreya 

t 



Cephalotaxtis 

t 

Amentotaxus 
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A discussion of the more remote relationships of the Taxaceae is outside 
the scope of this paper. 

It will be seen that conceptions of phylogeny based on the general 
distribution of vascular tissue in the ovule supplemented by a study of the 
embryogeny and of the microstrobilus do not conform with conclusions 
based on the distribution of resin cells^( 2 ), nor with those of Worsdeli ( 31 ) 
founded on the presence of centripetal xylem in the vascular strands of the 
ovule of Cephaloiaxus, 

The unique character of the male strobilus with its sporangiophores 
in the axils of bracts has already been stressed. 

This work was begun while I was temporarily on the staff of the 
Botany Department of the University of Cape Town, and I am glad to 
express my thanks to Professor Adamson for allowing me the privilege of 
completing it there some time after the termination of my appointment. 
Lastly, I acknowledge gratefully the assistance of the artist who very 
kindly prepared Figs. 18 and %o for me. 
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IX. The Ovule and Embryogeny of Widdringtonia. 

BY 

w. T. SAXTON. 


M ore than twenty years ago the writer published two rather in- 
complete accounts of the morphology of Widdringtonia (6, 7), with 
special reference to W. cupressoides. In subsequent years opportunities 
have been taken to continue the study of this species and to obtain material 
of W, juniperoides^ W. ScJn^arziiy and fF. Whytei for comparison. The 
two latter have been seen only in cultivation, material having been collected 
from the forestry plantations at Tokai, while collections of W,jtmiperoides^ 
the ‘ Clanwilliam cedar’, were made during a botanical excursion to the 
Cedarburg in September, 1930, supplemented by further collections very 
kindly sent to me from that locality during October by Mr. G. J. Oosthiiizen, 
to whom my thanks are due* Two collections were also kindly made for 
me by Mr. J. Ik Cuthbert in May, 1930. 

The same difficulties have been experienced as were previously 
reported in the case of IV. enpressoides^ as although W. juniperoides is 
* seasonal in contrast with W. aipressoides which is not, yet it varies 
much, both at different altitudes and from tree to tree, in the stages found 
on the same date, and in all cases I have failed to obtain any good sections 
of pro-embryos, in spite of repeatedly getting both slightly younger and 
slightly older prothalli. Nevertheless, enough has been seen to be worth 
recording. The only species not examined microscopically is W. draco^ 
montana Staph Specimens agreeing in every respect with Stapf s species 
have been seen in the Araatolas, but as they resemble W. cupressoides 
more nearly than do the other three species, it was not thought necessary 
to investigate the structure. 

The ovules at about the pollination stage have been examined in 
W. juniperoides, and the structure has been found to be identical with that 
of W. cupressoides, with a group of potential spore mother-cells. Free 
nuclear stages of the prothallus have been seen in all species examine^ 
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and these also are indistinguishable from ovules of PV. ai^ressoides of 
similar age. In J/F. jimiperoides and W, Sclmardi pollen tubes have 
penetrated some distance into the prothallus. Later stages have been seen 
only in W . jtmiperoides. Here the lateral archegonia are formed ingroups,, 
just as in W. ctipressoides^ but in even larger numbers^ sometimes extending 
through almost the whole length of the prothallus. Over lOo archegonia 
have been counted in a single longitudinal section of a protliallus. No 
attempt has been made to count the whole number of archegonia in that 
prothallus, but it may be estimated at round about far more than in 
any other conifer investigated. Several prothalli have been seen containing 
early embryo stages, one- and two- and up to about thirty-celled embryos 
at the ends of coiled and twisted suspensor cells. As Buchholz (4) has 
recently pointed out, it would almost certainly be easier to disentangle 
the embryonic structure from a dissection of living material, but to find 
suitable stages would involve both very much labour and the destruction 
of much material in the search for ovules of the right age. Actually only 
serial sections have been available. Nevertheless it can definitely be stated 
that the three genera A ctinos trebles ^ CalUtris^ and W iddringtonia do all 
agree in their early embryogeny. It was already known that the two 
former agreed (8, 9), but there was considerable uncertainty about the last 
In each case there is cleavage into units, each unit consisting of a single 
long, coiled, and undivided suspensor cell and a terminal one-celled embryo, 
the first two divisions in which are normally longitudinal About eight 
such units can generally be counted in a prothallus, no doubt arising from 
the two adjacent pro-embryos, but in one case about fourteen could be 
made out, probably from an ovule where two pollen-tubes had been 
functional thus accounting for four pro-embryos. At a much later stage 
embryonal tubes form a massive secondary suspensor, as is probably true 
for all conifers, but no distinction exists between * prosuspeiisors * and 
‘primary suspensors’, such as Buchholz has indicated for Biota (1), 
Sciadopttys (2), and Chamaecyparis (4). In this respect there is a close 
resemblance to Cryptomeria (3), which is said to be ‘ probably characteristic 
of Taxodineae ^ providing yet another point of contact between the Taxo- 
dineae and Cupressineae of the Taxonomists, and thus forging another 
link in the chain of evidence which goes to prove that these two groups 
should be united in the one family Cupressaceae. 

Of a number of nearly mature seeds dissected in May, 1930, two 
contained two equal embryos side by side. This type of polyembryony is 
rather infrequent in conifers, A recent account of examples of such poly- 
embryony in some species of Pinus is given by Clare and Johnstone (5). 
The embryo usually has two cotyledons, but occasionally a third smaller 
one is, present. 

As this note has been written primarily to clear up some doubtful 
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points that have recently been called in question by Buchliok (loc. cit.)j it 
has not been thought necessary to add any drawings of the structures 
concerned. 
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The Relationship Between the Floras of the British 
Coal Measures and Those of the Stephanian and 
Permian. 


BY 

R. CROOKALL, D.Sc. 

T he writer has recently published {a) accounts of the most character- 
istic species which compose the four British Coal Measure floras (6, 7), 
and {b) a complete list of the known plant incrustations of the Coal 
Measures (5)* In 1933 he drew up a comparison between the floras of the 
Lower and Upper Carboniferous, and briefly referred to the older Palaeozoic 
assemblages of species (4). It is here intended to make a similar comparison 
with the younger floras which characterize the Stephanian and Permian. 

The Stephanian Flora. 

The type area of the Stephanian is the Loire (St. Etienne) and the 
flora has recently been reviewed by Professor P. Bertrand (2). The lowest 
beds (Faisceau de Rive-de-Gier) are characterized by the frequent occur- 
rence of Asierotheca lamnriana (Heer) and of A, arborescens (Schlotheim), 
and by the presence of Sphenopteris cf. cristata Brongniart, Zygopteris 
erosa Gutbier and Linopieris duplex P. Bertrand (a form having affinities 
with Z. neu7^optc7^oides). The following Westphalian forms persist into the 
beds: A. abbreviata (Brongniart), Eupecopieris cf* dentata (Brongaiart), 
Re^iaultia aff. chaerophylloides (Brongniart), Sphemphylltm emarginaium 
Brongniart, S. majtis (Bi'onn) and Asolamts camptotaenia Wood, while 
ribbed Sigillarias of the S, detitschi^ iesscllata^ and scutellata types are 
frequent. 

The overlying Assise de St. Etienne contains many characteristic 
species, all of which are of more or less common occurrence. The lower 
beds contain an intermediate flora in Asterotheca Immirianahtcom^^ 
extinct and Cordaites Imgidaius Grand ’Eury first appears. In the succeed- 
ing zone L. neuropteroides Goeppert and Odontopteris macrocephala P. Ber- 
trand are typical. Above this is the zone of Z, germari Giebel, while the 
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topmost beds are characterized by a predominance of Poacordaites (i.e. 
narrow linear Cordaitean leaves with obtuse apices). 0 . minor Brongniart 
also occurs. 

The Assise de St Etienne is rich in fern-like plants ; all being either 
fairly or very frequent. They include O. reichi Giitbler, O. brardi 
Brongniart^ Alethopteris grandini Brongniart, Callipteridium pteridiimr 
Schlotheim, Cgigas Guthlex, Zygopteris pinnata Grand TEuy, Diplotmenia 
busqueti Zeiller, N etiropteris co^Aata Brongniart, Linopterzs brofigmarU 
Grand ^Etiry, L. germari Giebei, Aster otheca cyathea (Brongniart), A. bpi-* 
dorachis (Brongniart), A, hemiielioides (Brongniart), Pecoptcrzs femmae-- 
formis Schlotheim and P. bioti Brongniart To these may be added 
Cordaites Imgtdains Grand 'Eury, Dorycordaites affiins Grand ’Eury, 
Poacordaites linearis Grand '^Eury, SphenophylUmt oblongifolium Germar, 
Sigillaria brardi Brongniart &c. In this division certain Permian forms 
appear: Walchias {W. pini/ormis Schlotheim, rather frequent), Taenio- 
pterids (T, jejunata Grand *Eury), Piez^ophyllum (rare) and Sphenophyllum 
thoni Mahr, while the ribbed Sigillarias become extinct. Cordaites Hngu- 
latus, a most characteristic species, appears in the lower portion of the 
Assise de St Etienne, attains a maximum, and diminishes in frequency 
towards the top. There is also a number of Neuropterids with large 
pinnules. Of these, Ltnopteris neiiropteroides Geoppert and Odontopteris 
macrocephala P. Bertrand are rather frequent in the lower and Linoptcris 
germari in the upper portion. 

Some few of the above-mentioned species have been found in the 
British Coal Measures, and especially in the Upper Coal Measures or 
Radstockian Stage. Arber (1) compared the floras of the British and 
French Upper Coal Measures, and concluded that there is no palaeo- 
botanical evidence for the occurrence of beds of Stephanian age in Britain. 
The writer ( 3 ) re-examined this question in the light of subsequent records 
and arrived at the same conclusion. Professor P. Bertrand has expressed 
verbal agreement with this result. In the following table is shown the 
occurrence in Britain of the species cited above. 

In addition, it should be pointed out that there are many species 
present in the Upper Coal Measures of Britain which are unknown from 
the Stephanian, though numerous other forms are common to both. 

Arber recognized the following nine species as occurring both in the 
higher part of the Westphalian and in the Stephanian: Ammlaria stellata 
(Schlotheim), A, sphenophylloides (Zenker), Sphenophylhtm emarginatum 
Brongniart, Asterotkeca arborescens (Schlotheim), A, cyathea (Schlotheim), 
Acitkem polymorpha (Brongniart), Ptychocarpus tmitus (Brongniart), Aletho- 
pieris grandini (Brongniart) and Cordaites angzdosostriatus Grand 'Eury. 
Remarks on the range in Britain of these plants were given by the 
writer ( 3 , p. 65). 
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More or less common Stephanian plants. 

Pteridospermeae and Filicales. 

AlefJioMeris g 7 %mdmi^TOXi%rimx:\. . 
Asierotheca cyathea 

5, hemitelioides (Brongniart) 

3j lamuriana. , 

33 lepidorachis (Brongniart) 

CalUpteridium pteridmm Schlotheim 
„ Gutbier . 

Diploimema busqueti Zeiller 
Lmopteris brongniarti Grand ’Eury 
5j germari Giebel 
3, neuropteroides Goeppert 

Neiiropteris cor data Brongniart 
Odontopteris brardi Brongniart 

„ 7 nac^ ocephala P. Bertrand . 

3, 7 'eichi Gutbier 

Pecopteris bioH Brongniart 

3, feminaeformis Brongniart 
Taeniopteris jejunata Grand ’Eury . 
Zygopteris pinnata Grand ’Eury 

Lycopodiales. 

Siglllaria bra 7 ‘di Brongniart . 
CORDAITALES. 

Cordaiies lingulaUis Grand ’Eury . 
Poacordaites affinis Grand ^Eury 

3, lineaf'is Grand ’Eury . 

Sphenophyllales. 

Sphenopliylhmt oblongifolium Germar . 
„ thoni Mahr 

Cycadophyta. 

Pterophylhim spp 

Coniferales. 

Wakhki plmfo 7 'mis Schlotheim 


Occurrence in British 
Coal Measures. 


? absent 
fairly common 
very rare 
very rare 
rare 

very rare 

? absent 

absent 

absent 

absent 

absent 

absent 

absent 

absent 

absent 

very rare 

absent 

absent 

absent 


rare 


absent 

absent 

absent 


absent 

absent 


very rare 


very rare 


Arber further cited the following sixteen species which were common 
in, and regarded as characteristic of, the Stephanian, and which were (then) 
unknown from the British Coal Measures: Calamites gigas (Brongniart, 
Sphenopteris cristata Brongniart, Pecopteris bioti Brongniart^ Asierotheca 
lepidorachis (Brongniart), A, hemitelioides Pecopteris feminae-^ 

formis (Schlotheim), Callipteridium pteridium (Schlotheim), P gig^^ 
(Schlotheim), Neiiropteris coi'data Brongniart, Taeniopteris jejunata Grand 
’Eury, 7'. multinerms Weiss, Zamites carbonarius Zeiller Sz; Renault, 
Plagiommites planchardi (Renault), fayoli Renault, P. grand 

^euryi S. & M., and P, camhrayi Renault. As the writer (18) has pointed 
out, some of these species have since been found to occur, very rarely, in 
Britain {Pecopteris bioti^A, lepidorachis^ A* hemitelioides^ and CallipperidtuM 
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pieridiiiin)^ while a few {e.g. Taenioptcris jejnnatd) are more t}^pical of the 
Permian than of the Steplianian. 

Permian Floras, 

The Permian rocks of Great Britain, chiefly represented in the north- 
east of England by the Magnesian Limestone which stretches from 
Northumberland to Nottinghamshire, were mainly deposited on the bed 
of a sea which was subject to desiccation. West of the Pcnnincs, the 
Magnesian Limestone is much thinner, and the Permian is largely made 
up of the Penrith Sandstone and the breccias known as the Brockram„ 
These rocks are also the result of arid conditions but, unlike the limestone, 
which is largely a chemical precipitate, are of terrestrial origin, consisting 
of land waste. The inclusion of plants in rocks of such origin would be 
largely accidental, and their occurrence as fossils therefore sporadic. Fossil 
plants' are usually confined to shaly bands, as, for instance, the Marl Slate 
of the eastern area and the Hilton Plant Beds of the Appleby Region in 
the West (10), From these beds a few examples oiWalchia^ Ulmannia^ 
Odontopteris^ and Alethopteris have been recorded, but some of the records 
require confirmation. More varied floras occur in the Permian rocks of 
the Continent 

The Lower Permian plants of the northern hemisphere (somewhat 
distinct from the Upper Permian flora) include Carboniferous genera. 
Pteridosperms and ferns and Catamites are common, though Sigillaria 
and Lepidodendron are rare. Cordaites persists, Walchia reaches its 
maximum development, and members of the Ginkgoales {Saportaea and 
Baierd) appear. In the Upper Permian of the northern hemisphere the 
flora contains no examples of Sigillaria, Lepidodendron or Catamites. It 
has a Mesozoic character. The Shansi (Central China) flora (9) includes 
forms which are transitional between the late Palaeozoic and the early 
Mesozoic types. 

Typical Permian species on the Continent (8) include Cailipteris con- 
ferta Brongniart, C. naumanni (Gutbier), U. tyratifolia Goeppert, Walchia 
ptniformts Grand 'Eury, Taenioptcris jejnnata Grand 'Eury, T. multimrvis 
Weiss, Odontopteris osmundaeformis (Schlotheim), Pterophyllum bkchnoides 
Sandb., Catamites gigas Brongniart, Sphenophylhim thofii Mahr, Dicrano-- 
spp. and Ulmannia sp. None of these is known from the Coal 
Measures of Britain, with the single exception of W. piniformis^ which 
occurs very rarely. 

These forms are accompanied by (a) a few Triassic types (^.g. Voltzia) 
and (3) species which have persisted from the Coal Measures and Stephanian 
{JLlethoptens grandtni^ Asierotheca arborescens^ A. candolleana, A. hemite*- 
HoideSy A. miltoni^ Acitheca polymorpha^ Linopteris germari^ Callipteridiwn 
gtgasy Pecopteris feminaeformtSy Ptychocarpus unitus^ SphenopkyUtiM ob* 
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longifalimn^ Catamites suckowi^ C. congeniens^ Anmdaria stellata^ A.spheno- 
pkylloides^ Asterotheca equisetiformis^ A. longifoUiis^ Sigillaria brardi etc.) 

As a number of species range through more than one divisionj the 
floras must be taken as a whole. A brief comparison of some of the 
diagnostic species is given below. 


Coal Measures (of Britain]. 
PXERIDOSPERMEAE AND 

Filicales. 

Alethopteris serli (Brongt.) 
A. lonchitica (Schl.) 
Asterotheca milioni (Artis) 


Linopteris miinsteri (Eichw.) 
Z. obliqita (Bunb.) 

Neuropteris ovata Hof. 

N. scheuchseri Hof. 

Al rarinervis Bunb. 

N. tenuifoUa Schl 
N. gigantea Brongt. 

Odontopieris Undteyana (L. 
k H.) 


Sphempteris dilatata L. & H. 
S, nwmmdaria Gutb, 

S. neuropteroides (BouL) 

.5". striata Gothan 
S. furcata ( B rongt ) 


Lycopodiales. 

Ribbed Sigillarias, e.g. 

Sigillaria deutscM Brongt. 
S. scutellata Brongt. 

S. tessellata Brongt. 

S* mammillaris Brongt. 

S» elegans ( Stern b.) 

S. laevigata Brongt. 

S. ovata Sauv. 


Stephanian (of continent). 

A ci theca polyfuorpha 
(Brongt.) 

Alethopteris grandini 
(Brongt.) 

Asterotheca arborescens 
(Schl) 

A. candolleana (Brongt.) 

A. cyathea (Brongt.) 

A. hemitelioides (Brongt.) 

A. lamuriana (Heer) 

A. lepidorachis (Brongt.) 

Callipteridhmi gigas (Gutb.) 
C, pteridiuvi (Schl.) 

Dicksonites pluckeneti (Schl) 

Linopteris brongniarti G. 

Z, gennarl Giebel 
Z. neuropteroides Goepp 

Neuropteris cordata (Brongt.) 


Odontopteris brardi Brongt. 

O. reichi Gutb. 

Pecopteris bioti Brongt. 

P . feminaeformis Brongt. 

Ptychocarpiis unitus (Brongt.) 
Sphenopteris cnstata Brongt. 


Unribbed Sigillarias, e.g. 
Sigillaria brardi Brongt, 


Permian 
(of continent). 


Callipteris conferta 
Brongt, 

Taeniopteris jejunata 
G. 'E. 

T. multinervis G- ’E. 
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Coal Measures (of Britain). 

Stephanian (of continent). 

Permian 
(of continent). 

Lepidodeftdron lycopodioides 
Steriib. 

L. oboimtuni Sternb. 

L, ophiurus (Brongt.) 

Z. wortheni Lesqx. 



Sphenophyllales. 
Sphmophyllum emai^ginattim 
Brongt. 

S, ctmei folium (Sternb.) 

5 , majus (Bronn) 

5 . 7 nyriopkyllwJi Crep« 

S. t^'ichomatosimi Star. 

SphenopJiyllum oblongifolium. Spdicnopdiyllufn tJiofii 

Germ. Mahr 

Equisetales. 

A 7 imda 7 'ia sphenophylloides 
(Zenk.) 

A, steliata (Schl.) 

A.ga/mdes L. & H. 

A. radiata Brongt. 

Catamites undulatus Sternb. 
C, sacks ei Stur. 

C. carinatus Sternb. 

Annula^da steliata (Scbl.) 

Cala 77 iites gigas 
Brongt. 

(Lower Permian) 

CORDAITAEES. 

Cordaites principalis ( Germ. ) 
C. borasstfoUus (Sternb.) 

Cordaites lingulatus G. ’E. 
Poaco 7 'daites affifiis G. ^E. 
jP. linearis G. ’E. 


Cycadophyta. 


Pterophyllum. 

CONIFERALES. 


WalcMa pmiifor 77 iis 

G. *E. 

DicraiiophyUum 

Ui 77 tannm 

Ginkgoales. 
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Penetration and Development of the Fungus, Beau- 
veria Bassiana, in the Tissues of the Corn Borer.^ 

BY 

C. L. LEFEBVRE. 

{ICa 72 sas State College^ Ma^ihattan^ Kansas.) 

With Plate VIII and two Figures in the Text. 
Introduction. 

P RELIMINARY cultural and inoculation experiments with Beauveria 
Bassiana (Bals,) VuilL, a fungus attacking the J-^uropean corn borer, 
have been described in a previous paper (7). Later, Bartlett and Lefebvre ( 1 ) 
published the results of field experiments in which this fungus was used as 
a means for controlling this destructive insect. From these and other 
experiments, it was obvious that the fungus readily attacked and killed the 
corn-borer larvae, but the actual relationship between the fungus and its 
host was not understood, though the macroscopic characteristics of the 
diseased insects were consistently striking. Therefore, experiments were 
undertaken to learn by what means B. Bassiana gains entrance to its host 
and to determine its subsequent development in relation to the various 
tissues of the corn-borer larvae. 

Life-history of the Corn Borer. 

According, to observations by Caffrey and Worthley (3) made since 
the discovery of the European corn borer in the United States in 1917 , 
there are usually two complete generations developed each year in New 
England. The insect passes the winter as a full-grown larva or borer 
within the tunnel made in its host or shelter plant during the previous 
summer and fall, and the presence of such borers may be detected readily 
by the small holes on the surface of infested plants, from which extrude 
masses of frass and casings of the borers. 

About the middle of May, the borer cuts a small circular opening 
from its tunnel to the surface of the plant in order to provide an exit for 
the future molh. The insect then closes this hole with a thin partition of 
silk and after retreating into its tunnel, spins a thin cocoon, inside of which 
it changes into the pupa or resting stage. After remaining in this condition 
5- Contribution from the Laboratories of Cryptogamic Botany, Harvard University, no. It 8. 
[Annals of Botany, VoL XLVIIL No. CXC. April, 3934.] 
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for several weeks, or until about the first week in June, the skin of the pupa 
splits and the fully developed adult moth emerges. 

Soon after emergence, the moths mate and begin to deposit eggs in 
flat, irregularly shaped masses usually composed of from 15 to 20 eggs, 
although occasionally much larger numbers have been found. 

The eggs hatch in from 4 to 12 days with an aver^ige of about 7 days, 
the duration of the egg stage varying with the climatic conditions. The 
young larva feeds for a few days upon the surface of the leaf near its place 
of hatching, but soon enters the plant through the tassel and through the 
leaf axils and completes most of its development in the stalk. It may, 
however, migrate to other plants by crawling or by swinging from a sus- 
pended thread which it has previously spun. By the third week of July or 
about 38 days after hatching from the egg, the borer becomes full grown 
and changes to the pupa, or resting stage, usually inside its tunnel in the 
host plant. During the last part of July or in early August, the moths 
emerge from these pupae and deposit their eggs by the method already 
described above. 

The eggs of this generation hatch in about 7 days, and the resulting 
borers attack the plant in a manner similar to that described for the first 
generation. At this time, however, many of the newly-hatched borers make 
their way directly into the ears of the field corn and late sweet corn, and 
feed within the partly developed ear, thus causing a great deal of injury. 
The borers feed until their activities are stopped by cold weather in 
November or early December and remain throughout the winter in a hiber- 
nating condition within their tunnels in corn-stalks, corn-cobs, weeds, crop 
remnants, or other hosts. 

The time at which moths lay their eggs varies greatly, depending for 
the most part on climatic conditions. Hence, if insecticides or methods of 
biological control such as parasitic fungi are to be employed effectively, it 
is of utmost importance to pay close attention to the development of these 
eggs in order to learn when hatching begins, and to ascertain the time at 
which the peak of hatching has been reached. When the egg-hatching 
period is at its peak, many of the young larvae are already crawling about 
and feeding on the leaves of the corn plants. It has been found that this is 
the most opportune time for the application of the fungus. 

In view of the fact that the corn borer spends most of its life within 
the humid tunnels it makes in the corn-stalk, it seems that the conditions 
there would be very favourable for the growth of the fungus. Yet the very 
fact that the insect spends so much of its time within the host plant and 
that the fungus necessarily must be applied to the surface, makes it 
advisable to make a study of the life-history of the fungus in relation to the 
corn borer, in order to understand fully when and how B. Bassiam is able 
to infect^ and destroy its host. 
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Course of Infection, 

Inoculation, 

The corn-borer larvae studied to determine the manner by which the 
fungus entered the host were usually dusted with the spores of Beauveria 
or were inoculated by being allowed to crawl over a Petri dish culture of 
the fungus. Also, in several instances the larvae were inoculated by inject- 
ing a spore suspension of the fungus through the anal aperture with a very 
fine pipette. When the last method was employed, the insects were 
dipped in 70 per cent alcohol immediately after the spores had been 
injected and then passed through several changes of sterile distilled water 
in order to ensure the removal of any spores which might have adhered to 
their surface. 

Measured amounts of inoculum were not used in each case since it was 
found that certain uncontrollable factors were involved which made this 
impracticable. When the inoculum is applied externally, it is difficult to 
determine exactly the number of spores that are involved in accomplishing 
infection, since the spores placed on the larvae in the moist chamber 
germinate and within 36 hours produce myriads of secondary conidia that 
might also be involved in infection. The study of infection phenomena 
also was made more difficult by the saprophytic development of the fungus 
on moist filter paper in the moist chamber and a resulting heavy produc- 
tion of secondary conidia on that material. Moreover, in most cases after 
inoculation, probably because of the handling they had received, the larvae 
were very active, so that much of the inoculum was either rubbed off or 
dislodged from the surface to which it was applied hence, adding to the 
uncertainty of the ultimate fate of the original inoculum. 

External appearance of the diseased larvae. 

The infected larvae first show evidence of their diseased condition by 
becoming rather sluggish, failing to respond readily to such external stimuli 
as light or irritation by needle pricks ; and also, in most instances, by 
turning a pink colour which is a characteristic symptom of the disease. In 
some cases, however, this pink colour does not appear even though the 
white fungous hyphae may be seen growin^'*'i»«4he^kin of the larvae. 
Later, following thorough penetration of irternal tissues by the fungus, the 
larva generally turns distinctly remains soft and pliable until the 

mycelium has ramified throughout the various parts of the body. 

After this, the body ^«omes rigid — invariably showing the characteristic 
pink discoloratio^f^nd finally in this mummified condition the larva 
becomes very bi^tle, so that it can be readily broken and the completely 
whitened and rfalky contents may easily be crumbled into powder. Upon 
microscopic f^xamination this powdery mass may be seen to be completely 
y H h 
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filled with fungous mycelium. When such a mass of insect tissue and 
mycelium disintegrates In the field in the spring, a great quantity of 
inoculum is undoubtedly furnished to spread the disease among other 
insects. This mummification of the larvae is in contrast to the effect pro- 
duced by members of the Entomophthoraceae (8) which usually render 
their hosts soft and flaccid, although there is an exception in the case of 
Massospora which, as Speare (9) and Goldstein (5) have found, aifects its 
locust host in such a way that the posterior part of the insect dissolves and 
sloughs off. If the mummified corn-borer larvae are kept in a dry atmo- 
sphere, no external signs of the fungus are evident, but soon after exposure 
to moist air the white mycelium of the fungus becomes apparent over the 
surface of the larvae, and after one or two days, conidia are produced in 
abundance, giving the diseased insects a mealy, powdery appearance. 

Penetration of the fungus. 

In order to study the actual method by which Beatweria penetrates 
its host, large numbers of healthy larvae collected from various parts of 
New England were inoculated, and sectioned after the fungus had incu- 
bated for varying lengths of time. 

Ill order to avoid the loss of germinating spores, the inoculated corn- 
borer larvae which were to be sectioned were first anaesthetized with ether 
to prevent their struggling in the killing fluid. Various killing fluids were 
used but the most satisfactory proved to be Carnoy’s (4) because of its 
rapid penetration and immediate lethal effect. The larvae, while in the 
killing fluid, were freed from as much air as possible by the use of an air 
pump, and in addition, the larger ones were pricked with a needle or some- 
times cut in two, in order to ensure more thorough penetration of the kill- 
ing and fixing fluid. To avoid the difficulty of the larva^s becoming hard 
and brittle, the result first experienced with the standard technique of 
killing and fixing, the method described by Zirkle (11) in which N-biityl 
alcohol replaced ethyl alcohol, was used successfully. In some cases when 
a large number of larvae from a particular lot had to be sectioned, the 
celloidin method developed by Jeffrey (6) and more recently elaborated by 
Wetmore (10) was used with equal success. In this way, at least five whole 
larvae could be sectioned at dpe time. The sections were cut from 5 to jo 
microns in thickness, and were staW^d with Heidenhain\s iron-haemaloxylin, 
eosio being used as a counter stain. \ 

The time required for the fungus to pene^^ the body of the host 
varied with the different larvae examined. This^^^^^^possibly due to the 
fact that certain larvae were more active than oth^^^us interfering to 
some extent with the vigour of fungal development, or to ^ fact that some 
larvae were so placed in the Petri dish that the invading'^^^gus had more 
favourable opportunities for gtowth. "t 
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The various organs and tissues of a corn-borer larva mentioned in the 
discussion of fungous penetration are illustrated in the accompanying 
diagram (Text-fig. i). 



Tisxt-fig. la Diagrammatic drawing of a com-borer larva in sagittal section, showing 
front ganglion ; (5., brain; suboesophageal ganglion; ventral muscle; trachea; w., nerve 

cord; heart; al.tr.^ alimentary tract; gon.y gonad; dorsal muscle; r,^ rectum; md,y 

malpighian tubule ; and nerve, x 6. 

The writer finds that the fungus is capable of passing directly through 
the thick sclerotized body wall of the corn-borer larvae (PL VIII, Figs. 2 - 4 ) 
as it seems to produce substances that are capable of dissolving and breaking 
down the chitinous layer (Text-fig. 2). There also seems to be a mechanical 
action involved as the layers of the chitin were often somewhat indented in 
advance of the penetrating hyphae. Soon after penetrating the body wall, 
the fungus attacks the cells of the fat bodies (Pi. VIII, Fig. 4). The cell 
walls are pierced, the nuclei soon disintegrate, and the whole mass becomes 
permeated with mycelium that attains a diameter much greater than that of 
the hyphae which penetrated the body wall (PI. VlII, Fig. 8). This tissue 
of the fat body seems therefore to furnish an excellent medium for the rapid 
and abundant development of the fungus, probably because of the fats and 
slightly nutritive nitrogenous material stored therein. However, this pro- 
nounced thickening of the mycelium is not limited to the cells of the fat 
bodies, but holds true, although to a less degree, for the hyphae that attack 
the other internal organs of the insect. 

The glandular tissues such as the silk glands and the malpighian 
tubules are the next structures to be attacked, and these also soon become 
filled with the fungous mycelium. There is some evidence that these 
structures may be attacked more rapidly when the larvae are inoculated by 
injecting a suspension of fungous spores into the alimentary canaL By the 
time the fungus has permeated the glandular structures, it is usually found 
to be commencing the invasion of the remaining tissues of the larvae, such 
as the chitinous lining of the hind- and fore-intestine (PL VIII, 'Fig. 9). 
Moreover, as the mycelium of the fungus has often been observed in the 
tracheae of the insect, the process of respiration must be greatly impaired by 

^ I wish to take this opportunity of thanking Mr. M. F. Crowell, for kindly allowing the use 
of this drawing of the European com borer. ^ \ 
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this invasion (PI. VIII, Fig. lo). The last structures to be attacked by the 
fungus are the muscles (PL VIII, Fig. lo), the nervous system, and gonads 
(PI. VIII, Fig. 7). In one instance, the gonads were observed to be infected, 



Text-fig. 2. A sagittal section throngh the body wall of a corn-borer larva showing an early 
stage of infection in which the fungus has penetrated the chitinous layer and reached the internal 
structures, causing a pronounced disintegration of the outer portion of the chitin as shown at the 
right At the left the laminated, sclerotized layer of chitin is seen to be but little invaded, x 900. 


but then only after the parasite had invaded practically all of the other 
tissues ofthe host. The nervous system is attacked more readily than the 
muscle tissues, but in both of these the cells are not destroyed and do not 
disintegrate nearly so readily as do those of the fat bodies and glandular 
structures. The muscles seem to be the most resistant to the attacks of 
the fungus, this being especially true of the longitudinal muscles along the 
body wall of the larvae. The writer has often observed that when the 
various other body tissues show the presence of abundant fungous mycelium, 
the muscles apparently remain free from fungous invasion. In no case were 
resting spores found in the tissues of the European corn borer, nor have any 
ever been found on artificial media. 

It is difficult to conceive how any means of penetration other than that 
in which invasion is preceded by enzymic action could apply here, since 
the chitinous layer is so thick that it would seem impossible for a fungous 
hypha to penetrate by mechanical means alone. When the fungus pene- 
trates the body wall of the insect from the surface to the interior of the 
host, enzymic action seems to play the greater part. On the other hand 
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when the fungus is piercing the chitinous layer from the interior of the 
insect to the exterior of the host, there seems to be a great deal of 
mechanical pressure exerted as the diameters of the hyphae are greatly 
decreased when they are forcing their way through the hard striated chitin 
(PL VIII5 Fig. 8). Also, when the hyphae are about to burst through the 
outer layer of the chitin, there is a definite swelling of the hyphae which 
would lead one to conclude that the action is mechanical to some extent 
at least. A section illustrating this point is shown in PL VIII, Fig, 5, 
where a definite swelling may be seen in the hypha which is pushing the 
pigment granule of the chitin outward. 

In the various publications on the parasitism of entomogenous fungi, 
there is frequently an assumption that the fungus penetrates directly 
through the skin of the insect, and many investigators seem to be of the 
opinion that fungous spores are unable to germinate and cause infection by 
way of the alimentary canal. Unfortunately, no one has published illus- 
trations to support these views, and it is, of course, almost impossible to 
demonstrate this without the use of sections. Burnside (2), however, working 
on diseases of the honey bee, reports that in the case of infection by Asper- 
gillus fiavus^ only a few larvae are attacked as a result of direct penetration 
of the skin by germinating conidia ; whereas infection of adult bees with 
this and other pathogenic fungi usually results only from the germination 
of spores within the alimentary canal. 

In B. Bassiana, not only is there abundant indication that the chitin 
may be penetrated directly, but also there is good evidence to show that 
infection may take place by way of the alimentary canal, for, as has been 
showm above, when larvae are inoculated by anal injection or spores, they 
contract the disease. 

Experiments on Mancpiurian Corn-borer Larvae to Ascertain 
Method of Infection, 

During the course of this investigation large numbers of corn-borer 
larvae were imported from Manchuria, and when they were submitted to 
temperatures and moisture conditions which hastened the emergence of 
insect parasites, a high percentage of these larvae died due to infection by 
B. Bassiana. Since these imported larvae contained insect parasites which 
were later to be libei*ated and distributed in the United States for the 
purpose of controlling the corn borer, it was a serious loss to have so many 
of them die before the parasites could be secured* As it was not known 
whether the larvae were infected before being shipped to this country, nor 
whether the fungus was on the outside of the larvae or in a dormant state 
internally, the writer thought it advisable to make a histological study of 
these larvae to settle the question. 
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Since the larvae were not received by the writer until late in the 
spring of 193^5 only a short time was available in which to investigate this 
phase; hence the following report will be a review of the preliminary 
observations only. 

It was found that when the larvae imported from Mancliiiria were kept 

f a cool place, having a temperature range from lo'^ to 14"^ C, or below, 
e fungus did not develop and the larvae appeared to be perfectly healthy. 
The larvae which were kept at room temperature, however, soon showed 
signs of being diseased, and usually about 95 per cent, died within a period of 
ten days. In order to learn if this high mortality might be prevented, sixty 
larvae taken at random from a sample lot of 500 that had been kept in an 
ice chest at 10° C. were treated as follows : twenty of the sixty were immersed 
successively in three separate dishes of 70 per cent, alcohol, and were 
allowed to struggle and wriggle about in each dish so that any spores 
lodged on the surface of the skin might be washed off. These were then 
passed through three separate dishes of sterile distilled water and trans- 
ferred to sterile Petri dishes, containing moist filter paper. Twenty other 
larvae were immersed in alcohol baths, and were then dipped in a i per 
cent, solution of mercuric chloride. The remaining twenty were kept 
untreated as controls. The next day there was one dead larva in each 
dish, and the treated larvae continued to die at the same rate as the un- 
treated. At the end of ten days one larva was alive in the control and in 
the one treated with alcohol, while two were alive in the lot treated with 
mercuric chloride. Since the larvae continued to die after they had been 
immersed in alcohol and passed through three changes of sterile distilled 
water, it seems that infection must have been internal. This experiment 
was repeated on three different occasions, using larvae from different sample 
lots, and in each case the same results were obtained. In order to ascertain 
further the portal of entry of the fungus, twenty of the diseased larvae were 
sectioned, and in no case did the position of the hyphae indicate that they 
had penetrated the body wall from the outside. This fact would seem to 
support the above contention : namely, that the infection is internal, and 
therefore the fungus must be present in a dormant condition in these larvae 
shipped from Manchuria as long as they remain in a cool place (below 
14° C.), but when submitted to high temperatures and humidities, the 
fungus takes on an active roll, develops, emerges, and eventually kills the 
larvae. All these larvae were killed as soon as they were noted to be 
diseased, and upon sectioning it was found that already the fungous hyphae 
had invaded all the various internal tissues of the insect ; in no case were 
hyphae found in the body wall. 

^^The progress of the disease in the Manchurian larvae when they are 
left in a. moist chamber is similar to that already described for American 
forms, About twenty Tour hours after the characteristic pink colour was 
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noted the larvae began to turn white as a result of the out- cropping of the 
lungoiis mycelium over the whole surface of the body. Agaiiij it was noted 
that the hyphae within the tissues of the host had a much greater diameter 
than the mycelial strands that had already reached the chitin and were 
about to emerge on the body surface. Upon emerging from the body wall^ 
a septum forms across the hypha, and this terminal cell thus form# 
becomes an oval-shaped conidium that is soon budded off (PI VIII, Fig; 6). 
Individual mycelial strands of Beativeria are capable of pushing through 
and emerging from the body wall of the larvae (PL VIII, Fig. 5), and do 
not show the tendency to clump or cluster together that Sawyer observed 
in the case of Entomophthora sphaerdsperma parasitic on the black-headed 
fire worm of the cranberry. The fungous hyphae continue to grow out from 
the corn-borer larvae, and soon develop large numbers of conidia on zigzag 
phialides borne in whorls along the hyphal strands. These whorls or heads 
of conidium-bearing phialides increase in size and in number until the 
larvae are completely covered, thus giving them the powdery, mealy 
appearance already mentioned. These diy masses of conidia can then be 
readily blown about by the wind, thus disseminating abundant inoculum 
for further infection. 

Although conidia have not actually been seen germinating in the 
alimentary canals of these Manchurian larvae, still the above experiments 
would seem to support the assumption that they may cause infection. 
Because of the small size of the conidia (1*5 to 2 ,-^fjL) and the presence of 
food particles in the digestive tract, it is very difficult to witness the initial 
stages of conidial germination. Also, by the time the disease is first 
evident, the fungus has developed to such an extent that it would be 
extremely difficult to find the specific place where infection originally 
occurred. It seems probable, therefore, that larvae imported from Man 
churia are already infected before leaving that country, but the fungus 
remains dormant till these larvae are submitted to temperature and moisture 
conditions favouring the emergence of insect parasites which are to be dis- 
tributed in this country in order to help control the European corn borer, 
As there seems to be no cure for the disease once the organism has gained 
access to its host, the only alternative seems to be to obtain larvae from 
some region other than Manchuria if those containing valuable insect 
parasites are to be secured. 

Infection experiment with the corn-borer pupae. 

It is obvious that if in the control of insect pests by entomogenous fungi 
the particular fungus in question can attack more than one stage in the life- 
history of the insect, greater significant control measures could be expecfed. 
Since the pupae of the corn borer are also ensconced within the succulent 
tissues of the corn plant where conditions' ideal for fungal :;4cy#o|)ip#t:'^ 
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are present, it seemed advisable to find out just how Bassiana aftected 
these pupae. 

Five pupae were dusted with inoculum, placed in a moist chamber, 
and after the seventh day white masses of the fungus were seen to protrude 
from the thinner intersegmental spaces of the pupae. All five of these 
were sectioned, and it was found that the fungus could penetrate the body 
wall of the thinner intersegmental spaces of the pupae, but in no case were 
hypliae found in the thicker portion of the segments. After the fungus 
penetrates the pupal cases, the mycelium soon permeates all the various 
tissues of the pupae. 

I wish to acknowledge my indebtedness to Professor William H. Weston, 
Jr., for his constant interest, and for many helpful suggestions and Ci^ticisms 
given during the course of this investigation. I also wish to thank Dr. K. A. 
Bartlett of the European Corn Borer Laboratory, Arlington, Mass., for 
supplying most of the larvae used in these experiments. 

Summary. 

This paper presents first a brief life-history of the European corn borer 
under the conditions which prevail in the New England area of infestation, 
and then describes the development of B, Bassiana in corn-borer larvae 
inoculated on the body surface and in the alimentary canal. 

The larvae were inoculated by allowing them to crawl over a culture 
of the fungus and also by injecting them with a spore suspension. 

An effort was made to follow the development of mycelium from a 
limited amount of inoculum, but certain factors that could not be controlled 
made this impracticable. 

Most of the infected larvae turned a characteristic pink colour, became 
i, dull and sluggish, and failed to respond readily to external stimuli. If 
\ kept in a moist atmosphere a white mycelial outgrowth enveloped the 
^ larvae and abundant sporulation took place. As the internal development 
of the fungus progressed, the larvae became mummified and brittle. 

The germinating spores on the surface of the larvae produced infection 
hyphae which at any point except the head were observed to penetrate 
directly the thick sclerotized epidermal layer of the larvae, and also the 
thinner portions of the chitinous covering of the pupae. In addition, from 
the study of the Manchurian larvae, there were definite indications that 
infection may also take place by way of the alimentary tract. 

After infection through either port of entry, the fat bodies were the 
first structures to become infested with the fungus, the glandular structures 
and ganglia were next affected, while the muscle tissue seemed to be the 
most resistant to fungous invasion. 

It would seem therefore that B. Bassiana under favourable conditions 
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can readily penetrate the larvae and be a virulent parasite of the European 
coni borer. From studies made it seemed apparent that larvae imported 
from Manchuria have already been infected in their original home, and 
so succumb quickly to attacks of Beauveria when they are submitted to 
environmental conditions here that are favourable to the development of 
the fungus. Thus the Manchurian larvae apparently would not provide 
a favourable source of material for establishing insect parasites In this 
country to help control the European corn borer. 
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EXPLANATION OF PLATE VIII. 

Illustrating Professor C. L. Lefebvre’s paper on * Penetration and Development of the Fungus, 
Beauvena Bassiana, in the Tissues of the Corn Borer 

PLATE VIII. 

Photomicrographs of sagittal sections (7 microns thick) of parts of the European corn-borer 
larvae, showing the normal chdtin and the early stages of infection. 

Fig. I. Sagittal section through a portion of the abdomen showing normal cMtin with 
pigment granules in the surface layer, and fat cells below, x 650. 

Fig. 2. Sagittal section through a fold of the skin showing the fungus, after thirty-six hours, 
penetrating the chxtin, but not yet invading t/he internal tissues of the host. The fat cells in the 
lower half of the figure are distinctly free from fungous invasion, x 130. 
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Fig. 3. Sagittal section through a fold of the epidermis showing fungous spores (s'), some of 
which have germinated and penetrated to the muscle tissue (m). x 650. 

Fig. 4. Sagittal section through a fold of the skin showing fungous hyplmc which liave pene- 
trated the chitinous layer in large numbers and in some cases have grown into tlie fat cells at (P')» 
X 650. 

Fig. 5. Sagittal section of body wall showing fungous liypha (n) growing out through, the 
chitin, and forcing a pigment granule (l*) from the sclerotized layer, x 435. 

hig. 6. The hypha of B. Basnam growing out through the chitin to the exterior of the 
larva, where, as shown at (s), ellipsoidal conidia are budded ott x 435. 

Fig. J*. Sagittal section through mid-portion of corn-borcr larva showinglbefiingiis permeating 
and destroying the fat cells (F), and also growdng throughout the gonad (g), and in the mid- 
intestine (m.l). x 55. 

^ Fig. 8, Enlarged liyphae which have completely destroyed the fat cells (f). Note that the 
individual hyphae become thinner as they penetrate the hard chitinous layer (c). x 435. 

^ Fig, 9. Section through anterior portion of a larva showing the fungus penetrating the 
chitinous lining of the foredntestine (l). x 400. 

Fig, 10, Section of corn-borer larva showing, in cross-section, the tracheae (TR.) invat:' .d by 
hyphae. The fungus also may be seen within the muscle tissue (m), x 90. 







Spore Discharge in Basidiobolus ranarum Eidani. 
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{^Department of Biology CJielsea Polytechnic, London, S.W, j.) 

With two Figures in the Text. 

i*" 

A lthough ^^siHoholus ranarum has been studied by a number of 
. mycologists, no one seems until recently to have disputed the state- 
ment made by Eidam (1) that the conidia are shot off from the conidiophores. 
Nowak ( 2 ) has ilow done so. He found in his cultures on a medium of 
unspecified cq position^ presumably synthetic, that the conidia were not 
discharged. Inscead, the conidiophore broke down under the weight of the 
developing conidium, the latter 'm-uppetl- on the agar, sometimes rolled for 
a short distance with portions of the conidiophore attached to it, and 
eventually germinated. As these observations suggested that the conidia 
were not shot off, Nowak tried a further experiment. He supported a piece 
of agar at a distance of approximately 0*5 cm. above a mycelium bearing 
conidiophores, wrapped the culture in paper to exclude air currents, and 
left it undisturbed for a time. As he did not find conidia on the agar when 
he examined it, he concluded that this experiment afforded further evidence 
that the conidia of Basidiobolus are not violently discharged. Nowak says 
that his observations need confirmation. He admits the possibility that 
conidia may be shot off under natural conditions, but he considers it is more 
probable that the conidia of Basidiobolus are not shot off, and suggests that 
Eidam's work was done under the influence of an unsound comparison with 
such fungi as Pilobolus and Empusa. The marked disagreement between 
Nowak’s opinions and those of others who have worked with B, ranarum 
led me to make a few simple experiments ; the results may be of interest 
to botanists who have no personal acquaintance with the fungus. 

The cultures used in the experiments were started by transferring small 
blocks of agar bearing non-fruiting mycelium of B. ranarum, careful choice 
of the inoculum ensuring that the cultures were quite free from conidia at^ 
and immediately after, inoculation. Consequently, any conidia found 
subsequently in the cultures must have developed after the Petri dish was 
closed, and could not have been dropped during transfer. 

[AbheOs of Botany, VptXLVni. No. CXa April, 1934^} ' 
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During February and March 1933 fifty cultures were made on potato 
agar4 After inoculation the cultures were left undisturbed, at an a¥erage 
distance of six feet from a window, for three or four days. When the cultures 
were examined, all showed a few detached conidia lying around the inociiliiiii, 
and many distributed on the bare agar over a triangular area stretching 
from the young mycelium towards the window. The densest accumulation 
of conidia occurred a little beyond the outermost tips of the spreading 
hyphae, A culture was chosen at random, and counts of the detached 
conidia were made along two lines at right angles, intersecting in the 
middle of the mycelium ; one line passed through the centre of the 
triangular area, and so pointed towards the window. The results of these 
counts are given in Fig. i . 

The distribution of the conidia, and the distance at which some of 
them lay from the nearest hypha, gave little support to the view that they 
had rolled into position. Moreover, a film of liquid could be seen around 
the conidia on the agar, and the movement of such light objects on a wet 
surface seemed hardly possible. The possibility was, however, tested. In 
five cultures fields were selected, marked, and mapped. dishes were 

then shaken, inverted, and inverted and shaken. After ea operation the 
marked field was compared with the map. indicatiMT*were not obtained 
that the conidia were displaced by the violent treatment ; they would move 
even less readily without assistance. Yet further evidence was desirable. 
Accordingly, a freshly inoculated culture was placed on a shelf in a 
window, and shielded so that light entered by a lateral aperture cm. 

wide. The dish was tilted so that the surface of the agar rose towards the 
light at an angle of approximately 30®. Three days later the culture was 
examined. Detached conidia lay in plenty on the bare agar between the 
developing mycelium and the light, and none could be found elsewhere. 
If these conidia had rolled into position they had rolled up the slope, an 
unlikely event. The results of a count made along a line through the area 
occupied by the conidia appear in Fig. The experiment was confirmed 
by two repeats. 

The next step was to determine if conidia could pass vertically through 
a space above a mycelium ; if this could occur, little doubt could remain 
that they had been projected from the conidiophores. One experiment 
will be reported in detail. At ii.io a.m. on 6th March, 1933, a freshly 
inoculated culture, quite free from conidia, was covered by a lid over which 
black paper had been pasted, leaving a central hole cm. in diameter. 
Beneath this hole, the under side of the lid was thinly smeared with paste. 
The culture was put at once into a dark room, and after sand had been 
drawn around the sides of the dish to stop any direct air currents, a 60- watt 

^ Potatoes, 250 grin. Boil for i hour, allow to settle, decant and Elter the liquid and make up 
to I litre. Add 2 per cent agar, autoclave at 30 lb. pressure for 20 minutes and pour hot. 
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bulb hanging i8 indies above the culture was turned on, and the fungus 
left to develop* The preparation was examined at % p»m. and at 5 p.m. ; 
there was nothing to note. At 9.1^0 p.m., conidiophores were developing. 



Fig. I. Distribution of detached conidia of B. rmiarimi in a culture three days old, on potato 
agar. Conidia lay chiefly within the area indicated by dotted lines. A, inoculum and mycelium. 
Sides ot squares, 2-5 mm. 
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Fig. 2. Distribution of detached conidia of B, ranarum in a culture three days old, on potato 
agar. ^ Conidia occurred only within the area indicated by dotted lines. Sides of squares, 2-5 mm. 
AB, outer edge of mycelium. 


but conidia had not been shed. The light was left on all night. At 10 a.m. 
on 7th March, conidia, some already germinating, lay in abundance on the 
agar around the inoculum, and others had been caught by the paste on 
the lower surface of the lid ; 36 were counted there in a circular area i cm. 
in diameter. At 3.30 p.m. the under side of the lid was cleaned, and a 
thin sheet of potato agar, taken from a freshly sterilized sample, was 
fastened to the lid underneath the hole in the black paper covering. The 
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distance from the fungus to the agar was about i cm. The culture was 
replaced under the light at 3.40 p.m. It was left until 9.35 when 
hundreds of conidia were found adhering to the agar ; 104 were present on 
a circular area i cm. in diameter. This experiment was repeated three 
times, the repeats giving confirmatory results. Three more repeats, with 
the additional circumstance that stray light was somewhat cut off by placing 
a piece of brass tubing 15 cm. long vertically over the hole in the covering 
of the lid, gave results in agreement with those of the experiment reported 
in detail ; the addition of the tube seemed to make no significant difiference. 
It is clear from these experiments that the conidia of Basidioholus can pass 
upwards to a height of at least i cm. above the mycelium, and it is 
reasonable to suppose that they are thrown upwards. 

Numerous attempts were made to see conidia passing through the 
air. This was not seen, but the observations gave further evidence sup™ 
porting the view that the conidia are shot off from the conidiophores. 
Some details follow. At 5.50 p.m. on i^4th February, 1933, observations 
were begun through the lid of an unopened dish containing a mycelium 
four days old. A conidium, apparently mature, and still attached to its 
conkliophore, was found, and a note was made of any detached conidia 
lying on the agar within a circular area of i cm. radius around the foot of 
the conidiophore. At 5.55 p.m, there was a sudden jerk, the conidium 
and the conidiophore going at once out of sight. Focusing revealed the 
basal part of the conidiophore collapsed on the agar, but the conidium 
could not be found ; it had disappeared from the area previously searched, 
for this still contained only the* detached conidia previously noted. Nine 
other and similar observations were made by 6.15 p.m. ; in all, the conidium 
went out of sight and could not be found. The observations were repeated 
on ii^nd March with a mycelium five days old. Sixteen conidia disappeared 
from selected areas between % p.m. and a.35 p.m. A conidium was never 
seen in flight ; as soon as the jerk occurred, the conidium vanished. It 
did not fall directly to the agar, and underwent a lateral change of position 
of at least i cm. 

Efforts were also made to see conidia come to rest on the agar at the 
end of their flight. For this purpose, cultures which had stood undisturbed 
for some days were moved to the stage of the microscope, and a light 
placed so that the conidiophores pointed towards it Attention was then 
directed to areas on the agar where detached conidia were plentiful. Maps 
were made of the selected areas, and a watch maintained for arriving 
conidia. Although several hours on various days were devoted to these 
attempts, only one conidium furnished any evidence. It was not seen in 
motion, but suddenly appeared on the agar among the others already noted 
in that area. It did not roll. 

The evidence gained from these simple experiments shows clearly that 
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when B. ranarum is grown on potato agar, the conidia undergo sudden and 
considerable changes in position, and the conidiophores simultaneously 
crumple and fall on the substratum. Although conidia were not seen 
passing through the air, it has been shown that they can be collected on 
a surface hung above a mycelium, and therefore that they do pass through 
the air* They must be projected from the conidiophores. 

Nowak does not give the composition of the medium used in his 
experiments with the conidia of Basidiobolus^ and it has not therefore been 
possible to repeat his work. The accuracy of his observations is not 
questioned here. It seems possible that the medium he used did not 
favour the development of robust and fully functional conidiophores. He 
may have obtained conidiophores resembling those developed from the 
secondary and tertiary conidia of Basidiobolus, which often collapse, but 
this is not the normal condition of the fungus. Nowak's suggestions cannot 
be accepted, and Eidam's original description holds good, at any rate for 
B, ranarum grown in artificial culture on potato agar. 

The experiments were carried out in the Department of Botany, 
Birkbeck College, University of London. 

Summary. 

Experiments are described which show that the conidia of B* ranarum, 
grown on potato agar, are shot off from the conidiophores. 
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On the Occurrence of Vessels in Selaginella. 


BY 

H. DUERDEN. 

{Lecturer in Bota7ty^ Birkheck College^ University of London.) 

With Plate IX. 

H arvey GIBSON (2) in 1894, produced evidence that in the genus 
Selaginella the tracheidal character of the xylem is the rule, but in 
two exceptional species, S. rtipestris Spring, and 6*. oregana Eaton, both of 
them homophyllous forms, the metaxylem consists partly of scalariform 
vessels. He observed that this feature, occurring but rarely in true ferns, 
had not hitherto been shown to occur in the Lycopodiales. 

During the course of previous work upon the sporangia of Selagi’- 
nella (1), the author received herbarium material of several homophyllous 
species of this genus from Dr. W. R. Maxon of the United States National 
Museum. 

The opportunity of extended observations upon the nature of the 
xylem elements in these homophyllous forms was thus provided, and in the 
present paper an account is given of the results of this investigation 
together with observations on the nature of the xylem elements in some of 
the heterophyllous members of the genus. 

The herbarium material used in this work was very successfully resus- 
citated by the method described by McLean ( 4 ), After cutting into short 
lengths, of about 4 mm., the pieces were placed directly into absolute 
alcohol for twenty-four hours, then through graded alcohols into distilled 
water. Whilst in distilled water the specimens were left in the oven at 
55^^ C. for two days. At the end of this time they were transferred to an 
aqueous solution of potash of a strength of 8 per cent, and left for a week 
at laboratory temperature. Neutralization was then effected by washing in 
weak acetic acid (15 per cent, of glacial acid), using several changes. After 
washing well in water the material was dehydrated, passed into chloroform 
and then embedded. In the case of fresh material it was always cut into 
short lengths before fixation. The fixatives used were medium chrom- 
acetic and Farmer^s fluid (acetic-alcohol). Transverse and longitudinal 
microtome sections were cut at 4 /c to 10 /x in thickness. 

[Anxials of Botany, VoL XLVIII, No, CXC. April, 1934.] . ^ ' ' ' 
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The most effective stain for the pectic material of which the primary 
substance of the walls and the pit-closing membrane consists was found to 
be ruthenium red» A per cent, aqueous solution of this stain was 
used and was made alkaline by adding 0*5 c.c. of concentrated ammonia to 
each £^50 cx.s. of the solution. Methylene blue was used as a coiioter-stain 
for the secondarily thickened lignified portions of the xyleiii walls. Good 
results were also obtained by using an aqueous solution of gentian violet 
with safranin as a counter-stain, and with Heidenhain’s iron haematoxylin, 
also using safranin as a counter-stain. 

S. oregana Eaton, was first investigated. Transverse sections of the 
stem xylem of this form supplied clear evidence of the middle lamella 
(PL IX, Fig. i) stretching as a fine violet line, when stained with gentian 
violet, or a red line, when ruthenium red was employed, between the 
thickened portions of the primary wall at the angles of the elements. 
Longitudinal sections revealed the presence of the pit-closing membrane 
between the pits on the side walls of the elements, and the portion of 
primary wail, connecting together the two members of each pair of second- 
ary bars. It is different, however, with the end walls. As may be seen 
from PL IX, Fig, 2, these walls are completely broken down, thus placing 
the elements in open communication with each other vertically. The 
positions of the remains of the end walls at the sides of the elements, 
PL IX, Fig. !2, a-a, show that in this species, at any rate, there was 
very little obliquity between the side walls and the original end walls. The 
latter were almost, if not quite, at right angles to the former. Evidence of 
a similar nature to that shown in PL IX, Fig. 2, was furnished by many 
parts of sections of different pieces of material of this form, making it clear 
that the xylem elements in X. oregana consist for the most part of true 
vessels. A really oblique wall with pits and pit-membranes was only 
found in one instance, so that tracheids also occur in this form but are 
evidently extremely rare. The pitting is of the scalariform type, there 
being usually one, sometimes two, rows of pits on the walls of the meta- 
xylem elements. 

In S. rupestris Spring, transverse sections of the stem xylem showed 
clearly the mid-lamelia extending across between the thickened persistent 
portions of primary wall at tne angles of the elements, in the space or slit 
between the secondarily thickened wall, exactly as in S. oregana (PL IX, 
Fig. I). 

Vertical sections showed the xylem structure to be of similar nature 
to that in 5 . oregana^ The metaxylem elements showed one or two rows 
of scalariform pits in surface view, the end walls between the elements had 
their remains at the sides of the vessels indicated that in 
this species also these end walls were mostly at right angles to the vertical 
walls. In the pits on the vertical walls again the pit-closing membrane 
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could be distinguished and a few persistent oblique end walls were found 
with pits closed by pit-membranes, the xylem then consisting of tracheids 
as well as vessels. 

S. eremophila Maxon, S. densa Rydb., and S, Underwoodii Hieron., 
showed structure of the xylem elements essentially similar to that which 
has been described for .S', rupestris^ as did also 5 '. arisonica Maxoo, except 
for the more numerous original end walls in the last species, that is, the 
metaxylem elements, before the disappearance of the end walls, had con- 
sisted of short, wide units. PL IX, Figs. 3 and 4 represent, in different 
foci, a vertical section of a portion of a large metaxylem element of this 
form. In PL IX, Fig. 3, the remains of the original end wall are shown 
by the projections on the side walls and in PL IX, Fig. 4, at a deeper 
focus, by a thickened rim, only part of which is in focus, which runs round 
the inside of the wall of the vessel. PL IX, Figs. 5 and 6 are photographs at 
different foci of the next end wall to that illustrated in PL IX, Figs. 3 and 4. 

In the next three species the nature of the pitting on the metaxylem 
walls is different from that in the forms already dealt with. In each of the 
following cases the metaxylem elements bear a number of small oval pits, 
as many as seven in a series, in the case of the widest wails. 

In 5 . Hanseni Hieron., the middle-lamella, extending across the small 
pit cavities, is plainly visible in transverse sections, giving the same kind of 
appearance in section of the wall as that figured at a in PL IX, Fig. 13, 
for 6". rupinicola. The vertical sections showed that most of the elements 
were true vessels, as the end walls, which here were transversely orientated 
to the vertical walls, had been broken down, and their positions indicated 
by the projections at the side walls when the latter are seen in section 
(PL IX, Fig. 7, a), and by the thickened rims round the wall when the 
wall is focused in face view. Two of the latter are at a deeper focus and 
are faintly visible in this figure. One end of a pointed tracheid is also 
shown, but a better example is seen in PL IX, Fig. 8 at a, and in this 
figure the pit-closing membrane is seen on the walls b, c^ and d. 

Sections of S* higeloivii Underw.,, provided evidence of the pit-mem- 
brane in both transverse and longitudinal sections. The vertical sections 
also showed that, although most of the end walls had been at right angles 
to the vertical walls, indicated by the positions of their remains at the sides 
of the elements, yet some of the end walls were oblique and persistent, 
moreover the membranes in the pits on these oblique walls could always 
be distinguished. In this case also, then, the metaxylem elements consist 
of some tracheids with pointed ends as well as true vessels, where the whole 
of the original end wall between the elements has disappeared. 

In the metaxylem of S, rupinicola Underw,, typical pointed tracheids 
are very common, and it would seem that only rarely are true vessels 
formed. PJ. IX, Pig, 9 illustrates one of these cell-fusions, and in 
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the section figured in PI IX, Fig. 10, the cross wall has only partially 
gone, there being a broken line, stretching some way across the cavity of 
the element, which represents part of the primary v/all, being stained as 
deeply with violet as the pit-rncmbranes in the pits on the side walls, well 
shown at b in the same figure. In addition to the obliquely pointed 
traclieids in this form, there are many tracheids with rounded cuds. A 
section of one of these tracheids is shown in PL IX, Fig. ii. In transverse 
section of the xylem these rounded end walls show reticulate markings 
(PL IX, Fig. 12). By reason of the concavo-convex form of this wall, it 
is at a deeper focus than the side walls in this figure. No evidence was 
gained of the pits in these rounded end walls being true perforations, there 
always being a membrane between the pits when seen in vertical section. 
A curious feature of these rounded end walls is that the secondarily 
thickened Hgnified bars appear to have been developed only on the con- 
cave side of the original primary wall (PL IX, Fig. ix). 

The pit at a in PL IX, Fig. 11, is clearly perforated, but this is the 
result of penetration of the closing membrane by the fungal hyplia which is 
seen to have penetrated the wall at this pit. Fungus mycelium with septate 
hyphae is present in and near this tracheid. An alternative explanation of 
this perforation could be that here is a transitional stage between a tracheid 
and a vessel, where some of the pits are perforated whilst others are closed, 
and the fungus had at this point grown through an open pit, but the 
absence of any evidence of true perforations in portions of material free 
from fungus would appear to indicate that this isolated instance of perfora- 
tion was entirely the result of penetration of the closing membrane by the 
fungus. 

As many as six or seven regular series of small oval pits are present 
on each facet of the larger metaxylem walls in this form. 

An examination of the common European S, spinosa P.B,, in many 
parts of both trailing and erect sfem gave no evidence of the fusion of the 
xylem elements brought about by the disappearance of the end walls as 
was observed in the homophyllous species already described. In S* spinosa 
the only end walls found were in all cases oblique, with pits and pit- 
membranes intact, so that the xylem in this homophyllous form is entirely 
tracheidal The pit-membrane is distinctly seen in both transverse (PL IX, 
Fig. 13) and longitudinal sections. PL IX, Fig. 14, illustrates the appear- 
ance in vertical section of the stem xylem in the ascending portion of the 
axis. The end of a sharply pointed tracheid is shown, and the pit-closing 
membranes are visible in the pits both on the vertical side walls and the 
oblique end wall. The metaxylem consists almost entirely of sharply- 
pointed scalariform tracheids, a few elements only being seen with simple 
pits reticulately arranged on the wall. The tracheid at 410 PL IX, Fig. 14, 
. shows 'pitting of the latterTypo, but the'pits^are at a^dfeeper; focus and,; are 
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shown only faintly in this figure. The xylem in the trailing part of the 
stem presents the same features. 

Five heterophyllous species were examined. S. chrysorhizos Spring, 
S. chrysocaulos Spring, S, pallidissima Spring, S, Victoriae Moore, and 
S. grandis Moore, The pit-closing membrane was seen in all cases in 
both transverse and vertical sections. There was no evidence of the type 
of vessel found in the homophylious forms examined. The xylem elements 
of each of these five heterophyllous species consisted entirely of pointed 
tracheids. The pitting of the metaxylem walls was of the same type in 
S. ckrysorhizos, S. chrysocaulos, and 5. Victoriae, In each of these three 
species scalariform pitting was the rule, but some of the larger tracheids 
had two, three, or four rows of pits in the form of narrow slits, on the wider 
walls. In S, pallidissima and in 6'. grandis, scalariform pitting was again 
the main type, but two, three, or four regular rows of small oval pits were 
characteristic of the widest walls. 

Apart from S. spinosa, the xylem elements of the homophylious 
species examined consist mostly of vessels, though some tracheids are 
present also. A further qualification of this statement is necessary for the 
case of 5. ntpinicola, where vessels do occur, but only rarely, the xylem for 
the most part consisting of tracheids with obliquely pointed ends and 
some tracheids with rounded ends. 

Harvey Gibson’s observation that vessels occur in the xylem of 
.S', rupestris and 6*. oregana is confirmed, and, the occurrence of vessels is 
demonstrated in seven additional homophylious forms. In the hetero- 
phyllous species investigated, the xylem is entirely tracheidal, as it is also 
in the outstanding homophylious form 5. spinosa. 

With regard to S, spinosa it was pointed out by Harvey Gibson (2) 
that its stem anatomy differed entirely from that of the monostelic members 
of the genus, and in particular, furnished no evidence of close relationship 
to such types as 5, rupestris and 5. oregana, near to which it is placed by 
systematists. This distinction is true also for the rest of the homophylious 
forms described in this paper, although each of them is monostelic, the 
stelar structure approaches more nearly to the single ribbon-shaped 
stele of the Martensii type, which is characteristic of the majority of the 
heterophyllous species of the genus, and is entirely different from the solid 
cylindrical stele of S, spinosa. The present work indicates the further 
distinction, that in the nature of its xylem elements 6'. spinosa is quite 
different from the other homophylious forms investigated. 

It is a point of interest and possibly of some significance that in 
S, spinosa and in the heterophyllous forms the individual tracheids are 
very much inclined to the lateral walls. On the other hand, the tracheids 
which occur in the other homophylious forms are not so sharply pointed 
and, in addition, the latter possess vessels whose original end w 
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very little inclined, or else were quite at right angles to the vertical walls. 
There is the possibility that this slight inclination, or absence of inclina- 
tion, of the end walls to the side walls, is favourable to the disappearance 
of the end walls. Indeed, the suggestion has been advanced by Halft (3) 
that the occasional occurrence of vessels in vascular cryptogams is found 
when the transverse and side walls of the xylem elements are not set at a 
sharp angle. 

For the material I am indebted to Dr. W. R. Maxon of the United 
States National Museum, Professor Kashyap of the Government College, 
Lahore, and the Director of the Royal Botanic Gardens, Kew. The work 
has been assisted by the use of a microscope obtained by means of a grant 
from the Dixon Fund of the University of London. 

Summary. 

In S* 07 '‘egana Eaton, vS. rnpestris Spring, S', eremophila Maxon, 
S. densa Rydb., S. Underwoodii Hieron., S. arizonica Maxon, S. Hanseni 
Hieron., and S. higelowii Underw., the xylem consists mostly of vessels, 
though some pointed tracheids also occur. 

In S. rupinicola Underw., true vessels are rarely present, the xylem 
for the most part being made up of pointed tracheids, as well as some 
with rounded ends. 

In S. spinosa P.B., the xylem is entirely tracheidal in nature. 

The above species are all homophyllous. 

In the heterophyllous species, S. chrysorhizos Spring, S. chrysocaulos 
Spring, S', pallidissima Spring, S'. Vicioriae Moore, and S', grandis Moore, 
the xylem is also entirely tracheidal. 
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EXPLANATION OF PLATE IX. 

Illustrating Dr. H. Duerden’s Paper ‘ On the Occurrence of Vessels in Selagmella, 

(All hgures are from untouched photographs.) 

Fig. I. .S', oregana. Transverse section of the stem xylem showing the middle lamella in 
several walls. Gentian violet and safranin. x 1090, , 

Fig. 2. . S, oregana. Longitudinal section of the stem xylem, showing at a-a, h-h, the positions 
of the original end walls. Ruthenium red and methylene blue, x 1090* 
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Fig, 3. Longitudinal section of a portion of a vessel of S. arizonica showing that the original 
end wall has disappeared except for the remains shown as slight projections on the side walls of the 
vessel. Gentian violet and safranin. x 8io. 

Fig. 4. S. arizonica. The same piece of xylem wall as that shown in Fig. 3, but photographed 
at a deeper focus to show the remains of the original end wall as a thickened rim on the wall of the 
vessel. Gentian violet and safranin. x 810. 

Figs. 5 and 6 are two photographs at different foci of the same piece of xylem wall in S. ari- 
zonica, illustrating the appearance of the other end of the same vessel segment as that shown in figs. 
3 and 4. The original end wall is gone, and its position indicated by the projections on the walls 
when the latter are seen in section, (fig. 5), and by a thickened rim when the wall is seen in face view 
(fig. 6). This thickened rim can also be seen faintly at a deeper focus in fig. 5. Gentian violet 
and safranin. x Sio. 

Fig. 7. S. Hanseni. The stem xylem in longitudinal section. The ends of two vessel 
segments are seen and the end of a pointed tracheid. Ruthenium red and methylene blue, x 1090. 

Fig. 8. S, Hanscni. Longitudinal section of the stem xylem. The end of a pointed tracheid 
is shown at a. The pit-closing membrane is seen on walls b, c, and d. Ruthenium red and 
methylene blue, x 1090. 

Fig. 9. Vertical section of part of a vessel in S. rupinicola, the end of vessel segments with 
the cross-wall gone. The pit-membranes are clearly visible in the pits on the side wall. Gentian 
violet and safranin. x 1090. 

Fig. 10. S. rtipinicola. Longitudinal section of the stem xylem showing the remains of an end 
wall stretching partially across the cavity of the element. The closing membrane is shown clearly 
in the pits on the side wall. The end of a pointed tracheid is also seen in this figure. Gentian 
violet and safranin. x 1090. 

Fig. IX. Section of a tracheid with rounded end wall in .S’, f'upinicola showing the pit-membrane 
in the pits except at a, which has been pierced by a fungal hypha. The secondarily thickened bars 
have been developed only on the concave side of the original primary wall. Small oval pits in 
several series are shown in this figure. Gentian violet and safranin, x 1090. 

Fig. 12. Transverse section of the stem xylem in .S', riipinicola showing a reticulate end wall. 
The middle lamella is clearly shown in some of the walls {a). Gentian violet and safranin. x 1090. 

Fig. 13. S’, spinosa. Transverse section of the xylem in the ascending axis showing the 

middle lamella. Gentian violet and safranin. x 1090. 

Fig. 14. Longitudinal section of the xylem of S. spinosa in the ascending axis. The end of a 
sharply pointed tracheid is shown. The pit-closing membrane is also seen distinctly on the tracheid 
walls. Reticulate pitting shown on wall at a. Gentian violet and safranin. x 1090. 







Studies in Growth and Differentiation. 


V. Histological and Metabolic Changes during Wound- 
Healing in Kleinia Articulata Haw. 

BV 

N. WOODHEAD. 

{Fiom the Department of Botany ^ U7i2veistiy College of No7 th Wales ^ Bangor') 

With eight Diagrams in the Text. 

1 . INTRODUCIION. 

T he material of Kleinia articulata Haw, used in the examination of 
the problems discussed in these ^ Studies in Growth and Differentia- 
tion’ has necessitated extensive piopagation of the plant by means of stem 
cuttings, several thousands having been made in the course of the work. 
Incidental to other anatomical studies, it was felt that the anatomical 
changes occurring at the wounded surfaces of the cuttings would yield 
interesting data regarding the development of a periderm in a stem that is 
largely composed of parenchymatous tissue. The observations of Thoday 
and Evans (11, 12) on the behaviour of solutes in the tissues of the plant 
led to an extension of the anatomical study to cover certain microchemical 
aspects of wound-healing. In particular it was felt that additional light 
might be thiown on the role of calcium malate and whether it could be 
mobilized in the plant-tissues. 

Investigations of the wound-healing of injured plant-tissues have 
largely been made on the tubers of potato and sweet potato, in both of 
which the sequence of events leading to the establishment of a continuous 
sheet of peiiderm has been followed by several workers. The plant-tissues 
investigated are laigely parenchymatous and, in general, three stages can 
be distinguished before a wound is completely healed : 

I. A preliminary blocking of the surface by a fatty deposit Free 
access of oxygen is required for this initial stage. 

2 , The formation of a phellogen beneath the blocked surface and it^ 
division to form cork initials. 

3 . The suberization of the coik initials- 

[Aimals of Botany, YoL XLYIH. No, CXC, April, 1034.I 
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Several observers^ commencing with Key (6) and Massart ( 7 ), showed 
that the appearance of phellogen was preceded by disappearance of starch 
from the cell layers among which the phellogen originates. Priestley and 
Woffenden (10) claim that the starch is converted anaerobically into fatty 
acids* 

Artscliwager (Ij observes that protein is not removed. Nakaiio (8) 
describes a removal of oil from the wounded surfaces of Ricinus seedlings* 

The length of time for complete cicatrization of wounds on a green 
plant varies with relation to the tempei'ature and humidity conditions* 
Siiberization is more rapid when wounded potatoes are kept in a moist 
atmosphere* The wound cork develops most rapidly when the atmosphere 
is almost saturated. Low temperatures similarly retard each stage of the 
process of wound-healing. 

The wound-healing of succulent plants has received comparatively 
little attention, although their preponderance of parenchyma makes them 
suitable subjects for study. Miss Coutant (3) has described the sequence 
of periderm formation of two Arizona species of Opuntia in which con- 
spicuous features are massive cork development, i8 cells or more deep, 
and production of phelloderm. No mention is made, however, of an initial 
blocking of the surface. Lignified walls, as well as suberized walls, are 
found in the periderm. An interesting feature is the occurrence of a 
second meristem below the phellogen, where it is first detected in the 
phelloderm, after three to four weeks. It produces short tracheides parallel 
to the surface. Gertz (4) has made observations on two Klcinia species, 
and states that in K, neriifolia Haw. groups of lignified stone cells and 
short tracheides occur in the periderm. 

The present account is largely devoted to observations on the healing 
of stems of Kleinia species, K, articulata Haw. In addition to the 

examination of the stages leading to the permanent formation of wound- 
cork, a study has been made, day by day, of the migration of selected 
inorganic salts and organic substances by microchemical methods. A 
description of the anatomy of this species will be found in an earlier paper 
in this series (13). 


Material and Methods. 

The material. ^Three series of experiments, I, II, and III, have been 
made. In I, plants, well established in soil, were used, the stems cut 
transversely, and the stumps left to heal. In II, fresh cuttings were made 
of segments of cylindrical stems so that two wound-surfaces were available, 
the lower surface being buried in sand. Series I and II were made during 
the period of active vegetative growth (January to March) and carried on 
for several weeks. A number of plants in each series had to be discarded 
as they had rotted at the base, and the next batch of plants were grown 
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under more suitable conditions of aeration and drainage. Series III was 
commenced at the close of the growing season ; cuttings similar to II were 
used, except that the basal cut surface rested on sand and a layer of finely 
broken brick was poured over the sand to support the stumps in an erect 
position without being in contact with waterlogged sand. All the ex- 
perimental plants were kept in a cool greenhouse, series II and III rather 
drier and warmer than series L Only in the first series were the moisture 
conditions such that an average humidity of 95 per cent, was obtained. 
The average temperature was low compared with the temperatures quoted 
by workers on potato and sweet potato. 

Sections were cut by hand or with hand microtome at right angles to 
the wounded surface, and examined without previous fixation, as, in addition 
to histological observations, microchemical data were collected of the dis- 
tribution of calcium, potassium, magnesium, calcium oxalate, free oxalic 
acid, phosphate, and inulin. The methods described by Thoday and 
Evans (11, 12) for microchemical localization were employed: 

calcium by precipitation with alcoholic oxalic acid ; 
potassium „ „ ,, platinic chloride. 

This method was checked by a method used in the microchemical 
examination of blood described by Breh and Gaebler ( 2 ), in which potassium 
is precipitated as silver-potassium-cobaltinitrite, which is more insoluble 
than the sodium potassium cobaltinitrite usually employed : 

oxalic acid by precipitation with strontium sulphate ; 
magnesium „ „ microcosmic salt ; 

phosphate „ „ ammonium molybdate ; 

inulin „ „ strong alcohol. 

For histological preparations sections were stained in Sudan III, Nile 
blue sulphate, and, later, ammoniacal gentian violet, following Tison’s 
recommendation (14). 


Histological Changes. 

In all cases, immediately after injury the surface was bathed with sap 
exuding from the parenchyma cells and also from the resin canals. An 
aromatic odour was noticed for a short time, aromatic oils evaporating 
from the resin canals. The surface remains moist and glistening for several 
hours, and basal surfaces in contact with damp sand only dry off com- 
pletely after a period of four days. Table I shows an appreciable time-lag 
in the later stages of periderm formation behind the corresponding stages 
in the aerial lesions. The exudation contains traces of phosphate and more 
minute traces of potassium as indicated by niicrocheraical tests applied to 
the exudate in fine capillary tubes* After 5 J 4 hours, the cortex an^ 
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surfaces become concave due to the collapse of the injured cells and the 
contraction and death of adjacent cells (compare Coutaiit ( 3 )^ p, 356) ; this 
concavity is more marked across the wider core of pith than across the 
narrow ring of cortex (Diagram, A a), but in the latter the contraction is 
sufficient to pull inwards the collencbyma and the epidermis. The vascular 
bundles thus project above the two concavities. After 48 hours the 
aerial surface is usually dry and the outer two to three layers have become 
impregnated with fatty acids, their walls staining deep blue with the Nile blue 
sulphate ; some fat is also present, as flecks of red can be detected* This 
impregnation is first visible in the outermost layer of intact cells over the 
cortex and spreads inwards over the pith. 

The concave surfaces tend to deepen up to the sixth day, and the 
ends of the vascular bundles are discoloured. At the end of a week the 
impregnation of fatty acids in the surface layers is complete, and this 
blocking skin presents a distinct glistening surface, staining uniformly in 
the Nile blue sulphate without any trace of red. Division walls can now 
be seen in cells in the second or third layer below the blocking sheet in the 
immediate neighbourhood of the vascular bundles (bundle zone). The 
phellogen spreads slowly across the cortex and pith, often two or three 
days elapsing before it is continuous beneath the lesion. At the same 
time the glistening skin becomes faint brown and the cells between it and 
the phellogen lose their contents. The phellogen is not laid down, how- 
ever, in the epidermal or collenchymatized sub-epidermal layers if the 
wound has been made across an old stem. 

In the second week after injury, the phellogen has cut off a single 
layer of cork initials the walls of which are only lightly stained by Nile 
blue sulphate. This original layer of cork cells becomes more strongly 
impregnated during the following week, but it is only rarely that any other 
layer of cork initials becomes suberized. There may be five to ten layers 
of unsuberized cork initials. 

Artschwager (1) notes that newly formed periderm in potato docs not 
give the characteristic suberin stain with ammoniacal gentian violet. 
Herklots ( 5 ) has shown that, after blocking of a wound is complete, the 
phellogen is most active in acid media, but no suberization of its daughter- 
cells will take place unless the tissue is transferred to a neutral or an 
alkaline medium. 

About the eighteenth day the pith surface begins to lose its bowl- 
shaped appearance and phelloderm cells are then being cut off from the 
cork meristem. Anthocyanin can often be detected in the phellogen and 
phelloderm for several days, imparting a blue suffusion to the healing 
stump ; this is an evanescent feature, no anthocyanin being found after 
30 days. The surface is once, more flat in the third week after injury and, 
after longer periods (over 30 days), it may become convex. About the 
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fourth week of healing, cell division begins in the pith below the phelloderm 
extending over several rows of cells. This may be comparable to callus 
formation, except that it is so long delayed (Diagram, A 4). No corresponding 
divisions occur in the cortex. The lesion is now completely healed, and 
subsequent changes are of minor histological importance. The most im- 
portant is the ‘ collenchymatization * of 2-3 layers of phelloderm cells, in 
which calcium oxalate crystals are deposited as the walls show the first 
stages of thickening. This tissue closely resembles the hypodermal collen- 
chyma of the mature stem. 

The basal injuries follow a similar sequence over a longer period. The 
delay in forming a suberized skin is accompanied by a more extensive 
collapse of pith cells, so that the concavity becomes very deep and irregular. 
Occasionally rotting of the stump prevents complete healing : such rotting 
is progressive and causes death of the whole cutting within a short time. 
When the corky tissue is laid down it rarely presents a tight drum-skin 
surface, but is wrinkled or studded with small bulges. Fissuring across the 
pith cylinder is also a common feature in the bottom half of a stump. In 
series III such fissures were found at all levels between the top and bottom 
periderms in nearly every plant examined. Adventitious roots usually 
emerge from three weeks onwards after planting, and, after considerable 
periods, bases of rooted stumps show a prominent, convex, cork surface 
while the inner limit of the phelloderm is concave, so that the thick pad of 
periderm takes the form of a biconvex lens. Callus activity, though late in 
starting, is often conspicuous in basal injuries after several months. ‘ Col- 
lenchymatization ’ of two or three layers of phelloderm may also take place, 
but after a period of four to five months their crystals of calcium oxalate 
are yet only minute and sparse. 

In K, ariictdaia wounded surfaces thickly coated with a wax mixture 
showed no blocking film or trace of suberization within a period of observa- 
tion of ten days. Nor, however, was any pliellogen produced, so that 
phellogen formation was at least retarded. An additional feature of 
interest is that the pith, instead of collapsing, becomes slightly convex and 
glistening, though the cortex collapses as usual 

Longitudinal incisions by means of an ophthalmic lancet were made at 
various points along leafy branches, thus exposing a smaller wounded 
surface than the transverse amputations. Slits near the apex broadened 
deeply from a V-shape to a U-shape ; the nearer leaves and petioles showed 
a temporary infusion of anthocyanin on the lower surface. These leaves 
were not wilted. Browning of the surface and the first appearance of 
wound-cork was appreciably delayed to 2^1-35 days. Incisions in more 
mature parts of the branch, wherever they were made, gave shallower 
concavities which became filled with scar tissue after weeks. The 
periderm was first seen on the edges of the cut a week after injury. 
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The complete cicatrice thus comprises : 

{a) A thick deposit of fatty material. 

(/;) One or two layers of empty cells, often unsuberized« 

(c) One or two layers of suberized cork. 

(d) Several layers of luisuberized phellem. 

(e) The phellogen. 

(/) Several layers of collenchymatous phelloderm containing calcium 
oxalate. These layers are continuous and similar to the hypodermis. 

(g) Parenchymatous phelloderm merging into 

(//.) a band of callus derived from the pith parenchyma. 

Table I. 


Time Sequence of Changes at S to face, 
(Figures are days from time of cutting.) 


Series. 

Duration 
of Obser- 
vations. 

Surface. 

Size of 
cutting. 

Surface 

dry. 

Surface 

com- 

pletely 

blocked. 

Phello- 
gen first 
detected. 

Phello- 
gen con- 
tinuous. 

Suberiza- 
tion of 
cork 
initials. 

Colien- 

chyma. 

Callus 

formation 

detected. 


days. 

c.m. 







I 

63 

Top 

5*0 

— 

5 

6 

9 

iS 32 

— 



1 

f2‘5 







2 

105 

Top 

& 

2 

5 

II 

16 

20 — 

22 



1 

Top 

IS'O 







3 

57 

5*0 

I 

1-4 

4-7 

II 

39 

— 

2 

118 

Base 

5'o 

5 

20 



20 

— C. 100 

31 





(partial) 




2 

3 S 

Base 

Base 

2*5 

6 

16 

(partial) 


20 

“ 




57 

5*0 

4 

II 

7 

14 

39 — 

— 





Metabolic 

Changes. 




It has already been pointed out that a depletion of starch precedes 
phellogen initiation and activity in those plants where starch is the principal 
storage material, A similar loss of starch is reported for Optcntia (Coutant 
(3)), where, also, calcium oxalate crystals gradually enlarge in size from the 
third day after injury until they are very large by the twenty-fourth day. 
Kkinia articulata has no starch accumulation in any tissue, but depletion 
of other substances has been established, prior to the initiation of phellogen 
activity. The normal distribution of calcium, phosphate, and other ions 
has been described in earlier papers in these studies (Thoday and Evans 
( 11 , 12)). It will be noticed in what follows that there is a close corre- 
spondence between the upper and lower wounds in the time sequence of 
changes following injury. 

Calcium (Diagrams B i, a, 4 ), Little change in calcium distribution 
is seen for two or three days after injury, but about the fourth day there is 
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a gradual withdrawal from the intact cells below the wound extending for 
2~3 layers in depth* As they become totally exhausted of calcium, lower 
layers in turn commence to lose it, and often the calcium oxalate pre- 



Diagrams a i-B 4. Diagrams of sections representative of different stages in wound-healing. 
A T, 2, 3, 4. Showing phosphate distribution by stippling. B i, 2. 3, 4. Showing calcium distribution 
by cross-hatching, i* Initial condition. 2. Four days. 3. Twenty-one days. 4. Thirty-six days 
after cutting, vb, Vascular bundle. Phellogen shown by broken line under surface : blocking 
layer of dead cells, black ; In a 4 close vertical shading indicates periderm, the spaced vertical lines 
indicate the region in which the pith cells have grown and divided. Each pair of diagrams, A i and 
B I , &c. represent sections from the same stem. 


cipitate, obtained with alcoholic oxalic acid, shows a gradual diminution 
from a dense grey, where calcium has normal abundance, to the clear tissue 
from which it has been removed. 

The phellogen arises in cells from which calcium has been completely 
exhausted or are rapidly approaching that point. The living cork initials 
cut off from it never contain calcium (calcium malate) even in long-healed 
wounds (e.g. over loo days), while the phelloderm and cells in the neigh- 
bourhood of the phelloderm, including the callus, show little free calcium. 
No calcium malate is found in the phellogen or beyond it in the cork. 

When transverse Assuring of the pith has been found, as ill series III, 
the cells lose their calcium a short time before their rupture. 
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Accumulation of calcium in portions of cuttings remote from the wound 
has not been detected, and there is no appreciable difference in calcium 
distribution between the upper and lower wound-surfaces of cuttings (see 
Table I). As already mentioned, the rhombohedral crystals of calcium oxalate 
appear in the plieilodcrm collenchyma after a month and grow to a large size. 

Potassium. This does not show such a marked change, although a 
slight decrease in the density of the crystals of potassium chloroplatiiiate 
may be noted for a day or so after wounding. Potassium seems to 
increase in amount towards the base of a wounded stem, and in time it 
becomes abundant in all parts, including the phellogen and the cork 
initials. It has been detected in the latter three weeks after injury, A 
week or two after wounding a band of cells, including the phellogen, con- 
tains potassium more abundantly than the cells on either side. In indi- 
vidual plants, where potassium was not detected in pith cells when the 
experiment was started, it encroaches into the pith in this periderm band 
about the eighth day and then spreads downwards (away from the phellogen). 

The pith was rich in potassium to a depth of 5-6 cells after 18 days ; 
and to a depth of i cm. after 28 days. 

Other species of Kleinia and allied genera examined are normally 
without potassium in sufficient concentration to be detected by the platinic 
chloride method, but in K. neriifolia, where it is present in small con- 
centration 111 the stem, no potassium is found for at least a month after 
injury, and is only found very sparsely below the lesion after several months : 
no potassium has been found in the periderm. This is a marked difference 
in the wound reactions of the two species. 

Phosphate (Diagrams Ai, 2, 3, 4). The effect of wounding is most 
striking in the distribution of phosphate, which is normally present along 
the cylinder of vascular bundles (bundle zone). Within 24 hours, probably 
within the first 12 hours, phosphate disappears entirely; not only from 
the cells close to the wound, but also for considerable distances. It has 
not been found in the exudation from the cut surface. In series III the 
basal ends showed more phosphate than the upper ends, and, after a period 
of three weeks, phosphate was still present immediately above the basal 
periderm but none for several millimetres below the upper periderm. 
Shoit stumps, less than 2*5 cm. long, are often totally depleted of free 
phosphate ; they usually die before recovery. 

After the phellogen has been active for a few days a small patch of 
phosphate appears, but not in the depleted bundle zone. This patch lies 
immediately below the phellogen in the centre of the pith and gradually 
extends radially and longitudinally. Especially in basal wounds several 
phelloderm layers may accumulate phosphate over a long period (from 50 
to 100 days). It should be remembered that intact stems rich in phosphate 
show no localization of phosphate in the central pith (Thoday and Evans, 
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11, p, 79^) j only one record of a trace of phosphate in such a position 

has been made, apart from these lesion patches. After 30 days some 
phosphate reappears in the bundle zone, but there is always a broad gap 
below the periderm where phosphate does not re-establish its former 
distribution or density. 

Magnesium is found normally in the central pith. After ^4 hours very 
slight traces only could be found in cells up to ten layers from the injury, 
the magnesium having been removed from the cells below the wounded 
region. At the end of the week it can only be detected with great difficulty 
in a few cells, but after a long interval (50-60 days) magnesium accumulates 
once more to the base of the phelloderm. It is mainly localized in the 
central pith, but a lesser amount has been traced along the bundle and in 
the inner cortex. 

Calcium oxalate. The young stem of K, articulaia shows no deposition 
of calcium oxalate until after the hypodermal layers have become col- 
lenchymatous. Examination of a long branch at intervals shows that, 
with the increase in diameter of the stem from tip to base, there is a 
corresponding increase in the thickness of the cuticle, the number and size 
of calcium oxalate crystals, number of rows of collenchyma cells, and the 
thickness of their walls (Table II ; and see 13 , p. 675, Text-fig. 2). 


Table II. 


Distance 

Circum- 

Cuticle 

Calcium oxalate crystals. 

Collenchyma. 


from 

Apex, 

mm. 

ference 

mm. 

Thick- 

ness, 

Number 
per mm. 

Length of side 
in micrometer 
divisions.^ 

Rows. 

Thick- 
ness of 
wall. 


< 1*0 

7-28 

< 2 

none 

— 




27*2 

9-15 

< 2 

none 

— 

2 

+ 


61-3 

16-17 

2-5 

none 

— 

2 

4 - 


67*5 

1375 

27 

none 

— 

2 

+ 


72*5 

X9-28 

2*5 

8 

3 to 4 

3 

+ + 


81-5 

24-02 

2-5 

33 

2 to 4 

3 

4 - 4 - 


■ 

23-86 

2-5 

37 . 

2 to 4 

3 

4. 4. 


97*9 

24-08 

52*510 

l 5 -o 

33 

3 to 4*5 

3 

4 - 4 - 


106*1 

27-91 

5-0 

25 

. 3 to 5 

3 

4 - 4 - 4 - 

in 1st col. layer 

Ii8*i 

25-ls 

5-0 

54 

4 to 6 

3 

4. 4. 4, 

— 


25 

— 

— 

— 

in2ndcoL layer 


26-78 

5*0 

71 

4 to 6 

3 

4. 4. 4. 

in 1st col. layer 

154-6 

31-27 

5 - 7-5 

25 

54 

4 to 6 


— 

in 2nd coL layer 


When cuttings are made, the amount and size of crystals will vary 
according to the size of the cutting and the distance from the apex (repre- 
senting the age at that level). Series I was sufficiently young to have no 
calcium oxalate present; it began to accumulate in the hypodermis, in the 

^ I div. =5 0-0024 mm. •' 
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second week after injury, near the wound, and within a few days small 
crystals were seen at all levels. These crystals had attained their maximum 
size by the end of the fourth week, by which time the second and third 
colleiichyma layers also contained calcium oxalate. It did not appear in 
the plielloderm till the fifth week. 

Ill the early stages of wound-healing a small amount of free oxalic 
acid occurs and can be precipitated as strontium oxalate. It has been 
detected during the first week in the hypodermal cells (compare 12 , and, 
later, in the region w’here calcium oxalate crystals are to appear in the 
periderm. Free oxalic acid cannot be detected in either situation after 
the calcium oxalate crystals begin to form. 

Imdin. Young active shoots do not show a marked accumulation of 
iniilin for several weeks. In Series I, where such shoots were used, little or 
no inulin could be traced at the commencement of the experimental period, 
and none appeared until the third week. . It was then conspicuous, especially 
in the plielloderm, decreasing in amount in relation to distance from the 
lesion. Later there was some accumulation in the outer pith cells below 
the periderm. 

Reducing Sugars. Miss Marion Roberts has shown that reducing 
sugars are normally absent from young shoots and have only been detected 
in cuttings after 6o days, thereafter increasing steadily in amount. The 
sugar is present in the cortex and bundle zone in close relation to basal 
periderms. 

The principal iiiicrochemical data are summarized in Table III. 


Table III. 


(Figures are days from time of cutting.) 


Ca, depletion commences 
Phosphate depletion commences 
Phosphate accumulation commences 
Mg. depletion commences 
Mg, accumulation commences 
Inulin accumulation commences 


Series 1 . 
Top. 

Top. 

Series IL 

5 cm, 2*5 cm. 
Base. Base. 

Series III. 
Top* Base. 

6-7 

4 

2 

4 

4 

4 

2 

I 

I 

I 

1-2 

1-2 

12 

— 

12 ’ 

12 

II 

II 

I 

V— . 

— 

— 1 


— 

50-60 


— 

— 

— 

— ™ 

22-23 

— 

— 

— 

— 

— 


Wound-healing in Rhizomes. 

The rhizome produces a normal periderm after several weeks* growth 
(13). A healed transverse wound, some months after injury, showed much 
fissuring of the pith reaching almost to the floor of the wound periderm, 
which was then io-i:2r layers in thickness. The surface over the pith was 
convex, but the cortical wound cork was still concave. No phelloderm had 
been produced. 
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Calcium was absent from the periderm, but was abundant in tissues 
reaching to the phellogen, and was especially rich in the cortex. No 
calcium oxalate w-as found in the sub-phellogen layers, a feature correlated 
with the absence of collenchyma. Potassium was relatively sparse but 
distributed evenly throughout all tissues. Phosphate was only seen in the 
bundle zone up to the level of the periderm, and transverse-sections revealed 
that it was localized around the vascular bundles, not extending across the 
medullary ray parenchyma. Some inulin was present near the wound- 
periderm in the neighbourhood of the bundles, but not elsewhere within 
the centimetre length examined. 

Wound-healing in Leaves. 

The leaves of K. articidata often show wound -healing though only 
a thin layer of scar tissue is found. 

The cut surfaces dry off and their edges darken within a few days, a 
faint brown skin first appearing along the upper epidermis. This stage 
presumably corresponds with Wylie’s " pseudocicatrization ’ (15) ; the same 
shrinkage of cells adjoining the wound, pulling in the epidermal cells, has 
been observed. These cells are not suberized. In transverse injuries across 
the lamina only a few dividing cells are found, scattered beneath the 
collapsed cells of the cut surface; but injuries parallel to the main vein 
usually produce two to three continuous layers under the whole surface. 
No dividing cells have been observed below the cut end of a petiole days 
after injury. 

Other Species. 

Observations on the stages of healing in other species of Kleinia and 
closely related genera are now in progress, and, in general, show features 
parallel to those described above. Potassium is sparse in K, neriifolia and 
absent in other species examined, but calcium and phosphate are present 
in all the plants. Both show rapid depletion within a day or so after the 
injury, and in no case have they been traced in the tissues formed by the 
phellogen. Wound lesions of K. nefdifolia are complex, for, in addition to 
a vigorous development of cork, a vascular meristem produces short 
tracheides below the floor of the periderm, and groups of stone cells are 
found scattered in the periderm (Gertz, 4). The development of the 
tracheides and periderm is now being studied. 

General Remarks. 

Although starch is not found in the tissues of Kleinia^ yet it has been 
shown that the stages in wound-healing are accompanied by movements 
of certain (selected) ions away from the cut surface, similar to the depletion 
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of starch already recorded for other plants. A few preliminary observations 
on the movement of these ions have been made on injured potato tubers, 
and they indicate that phellogen activity is preceded, as in K. articulata, 
by a complex series of biochemical changes in the cells 121 the neighbour- 
hood of the lesion^ Potassium, sparse in the tuber, is withdrawn from the 
neighbourhood of a wound, but only over a depth of two to three layers* 
Phosphate is very abundant in the intact tuber, principally in relation to 
the vascular bundles. After injury there is a I'apid removal of phosphate 
from the parenchyma, which becomes depleted of it by the end of the week* 
On the other hand, phosphate remains abundant in the immediate neigh- 
bourhood of tracheides to the edge of the cut over the same period. Phos- 
phate is not precipitated in any cells where phellogen activity is manifest. 

The migration of calcium and phosphate, in particular, is found in all 
the species of Kleinia, &c. so far examined, and their depletion commences 
immediately after injury. 

Priestley and Woffenden, in their observations on wound-healing in 
the potato, maintain that phellogen activity is preceded by an increased 
sap flow towards the blocked suiface: thus (9, p. i^55), ‘ This blocking then 
appears to react upon the tissues within through the accumulation in the 
walls and intercellular spaces of a sap which provokes the activity of a 
meristem ’ ; and (10, p. 1 1 5), ‘ The essential factors promoting the activity 
of this phellogen appear to be the accumulation behind the blocked 
surface of the sap containing substances diffusing from the vascular bundles 
and the production of an acid reaction just below the blocked surface by 
the anaerobic conversion of sugars into fatty acids.* 

It is difficult to see how sap, a watery solution of a mixture of solutes, 
can ever accumtdate in the walls, and there is no evidence to show that sap 
diffuses into the intercellular spaces. If sap passes into the cells for an 
indefinite period there is an obvious limitation to the volume of water that 
any cell can accommodate. It may be that the underlying idea is a raising 
of the concentration within the cell sap of the intact cells. Even so the 
microchemical data for K. articulata and other species clearly show that 
there is a removal of substances from the neighbourhood of the blocking 
membrane and not an accumulation, as Priestley and Woffenden suggest. 
Phellogen activity begins in cells that have lost their calcium malate, 
phosphate, and magnesium. The accumulation of phosphate and inulin 
observed in K. articulata only occurs after the periderm has been produced, 
and, so far, there is no indication that there is any accumulation of sub- 
stances behind the blocking membrane prior to or during phellogen activity. 

Thoday and Evans (12) show that potassium is distributed throughout 
most tissues near the apex of an actively growing shoot, but disappears 
from the pith with increasing age. Similarly (11) they show that the 
amounts of calcium and phosphate increase with the age of the stem, very 
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little being found close to the stem apex. It would appear that metabolism 
of the apical meristem is characterized by a uniform concentration of 
potassium and only traces of calcium and phosphate. After wounding, the 
localization and migration of these ions represents a return to this merb 
stematic type of metabolism prior to the appearance of the phellogen. The 
tissues a little removed from the periderm soon regain the normal dis- 
tribution, and the periderm is sharply defined microchemically from the 
subjacent tissues. 

Phosphate is only found in the pith after wound-healing, and is then 
strictly limited to the central portion of the phelloderm and the neighbouring 
cells of the pith. 
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Summary. 

1. The sequence of changes following injury has been studied. In 
general they show agreement with the course of events described for potato, 
sweet potato, See. 

2. The exposed cells rapidly become impregnated with fatty materials 
which completely block over the injuiy. 

3. A pheliogen arises subsequently close to the fatty deposit and 
produces cork initials and phelloderm. Little suberization of the cork 
initials takes place, and some of the phelloderm layers become collenchyma- 
lous. This * collenchymatization ’ is associated with deposition of calcium 
oxalate crystals. 

4. Changes in mineral content have been followed in tissues beneath 
injuries. Wounding results in a rapid removal of calcium and phosphate, 
while potassium shows some slight depletion. Potassium soon regains its 
former abundance and distribution, and is found also evenly distributed 
through the new cells of the periderm. 

5. Free phosphate and calcium are not found in the pheliogen. 
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Introduction. 

AMONG the factors influencing the growth of wood-destroying fungi, 

temperature is one of the most important ; not only does it affect 
their rate of growth^ and in consequence the rate of decay of the timber, 
but also it partly determines which shall be the predominant species in any 
locality. 

An examination of the rate of growth of a number of the more 
important Basidiomycetes which grow on wood has been carried out in the 
course of a general study of the physiology of these fungi on which the 
authors are engaged. 

A certain amount of work has been carried out on the temperature 
relations of wood-destroying fungi by various authors, but most of this is 
scattered throughout the detailed descriptions of the various fungi, and has 
not been used for comparative purposes. 

Falck (3) determined the minimum, optimum, and maximum tempera- 
tures for several species of Merulius and Lemites, and used these criteria 
as a means of distinguishing between nearly related species. He found 
that Merulius Sylvester^ a fungus closely resembling M. lacrymans^ could 
be readily distinguished from the latter by its ability to grow at tempera- 
tures of 30° ^ and over. Similarly X. saepiaria and X. trahea were shown to 
possess markedly different cardinal points, enabling them to be separated 
on this character. 

^ N.B, Temperatures are given in degrees Centigrade except where otherwise stated. 

[Annals of Botany, Vol. XBVIII. No. CXC. April, i934d 
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Snell (12) determined the rates of growth of a number of wood- 
destroying fungi at various temperatures, and included the figures obtained 
in a key for distinguishing various species in culture. Liese (8) gives figures 
for the daily increment of plate cultures at laboratory temperature in his 
descriptions of a number of fungi. 

Fritz (6) observed the growth of a number of wood-destroying fungi 
at various temperatures, and found that Fames tgniarius^ F, rosens^ and 
F, fomentainus all grew most rapidly at 30°, making but slow growth 
at 35°. She found the optimum for P, schwcinitzii to be with only 
very slight growth at 35*^, ‘ Intensification of the colouring of the mat was 

brought about by increase of the heat in F, igmarttts, F» roseus, and 
Z, saepiaria^ while F, fomeiitarms produced more delicate tints at the 
higher temperatures.’ A temperature of 'loP was chosen at which to grow 
the cultures for standard descriptions. Mounce ( 11 ) found that the rate of 
growth of F- pinicola is very slow at (F to 8"^ and increases up to about 

above which it falls off, till at 35° it is practically inhibited. 

In a recent paper Lindgren ( 9 ) compares the rates of growth of 
Z. saepiaria^ PolystictMS versicolor^ and Lentinns iigrinus^ as measured by 
the Petri dish method, with the rate of decay brought about in different 
timbers at various temperatures by these fungi. His results are discussed 
below. 


Experimental Procedure. 

All the measurements of rates of growth were made upon cultures 
grown on % per cent. Kepler’s malt extract agar in 10 cm. Petri dishes. In 
the first experiments the amount of medium in each plate was measured 
exactly to 20 ml., but it was soon found that the depth of the medium did not 
noticeably affect the rate of growth ; so in the later tests an amount only 
approximately equal to 20 ml. was poured into each dish. The freshly 
made up medium was autoclaved once to melt the agar, and was then 
aseptically poured directly into sterile Petri dishes by means of a syphon 
introduced into the medium-flask before sterilization. The plates were 
inoculated centrally soon after the medium had set, with small transplants 
about 4 mm. square, cut from actively growing plate cultures of the fungi, 
and placed with the aerial mycelium downwards. 

As a general rule the dishes were placed in the various incubators 
maintained at the different temperatures, immediately after inoculation, 
but where it was particularly wished to study the growth of certain fungi 
at temperatures near the minimum or optimum, the plates were kept at 
23° until growth had just started from the inoculum. This was done 
because it was found that certain species are so slow in starting growth 
that the medium, especially at the higher temperatures, tends to become 
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dried up and contaminated before a sufficient number of readings can be 
taken. It was not found that this shoi*t preliminary incubation at had 
any influence on the subsequent rate of growth observed later at other 
temperatures, provided that growth was allowed to become constant before 
readings were taken. The diameter of the colony was measured daily at 
the same hour (except at temperatures below 5°, when readings were taken 
weekly). Measurements were made with a piece of graduated card placed 
on the underside of the dish, which was held up to the light. Provided the 
layer of medium was not too thick, it was found possible in most cases to 
measure the diameter quite easily to the nearest mm. In this wa}?' removal 
of the Petri dish lids and consequent contamination of the medium were 
avoided. Where the colony was not perfectly circular, measurements were 
made along two diameters at right angles and the results averaged. 

A few fungi produce a ' halo ^ of submerged mycelium in advance of 
the aerial, which makes observation difScult : in such cases readings were 
taken across the diameter, both of the aerial mat and of the ‘ Halo b It 
was found that though the rate of advance of the submerged and of the 
aerial mycelium might be different, yet the proportions between rates at 
different temperatures were the same for the submerged and for the aerial, 
so that in the results given below only the figures for the rate of advance 
of the aerial mycelium are plotted. 


Rates of Growth. 


In every case the figures given under the temperatures following the 
name of the fungus are the average daily increments in mm. of the diameter 
of the colony, based upon the measurement of 5 plates. 


Graph i. 


MeruUus tacrymans (Wulf.) Fr. 
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These two curves are of interest since they illustrate how the so- 
called ‘ wild race ’ of MeruUus lacrymans may be readily distinguished 
from the domesticus variety which it closely resembles in culture. The 
rates of growth of these varieties are very similar up to but above that 
temperature the growth of lacrymans {domesticus Falck) rapidly drops off, 
ceasing entirely at while that of Sylvester continues up to about 36®, 

The. very steep drop in the rate of growth of the variety when 
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the temperature exceeds about 2^3° is rather striking ; not only is this an 
uiiiisiially low optimum temperature, but it is evident that this fungus is 
very sensitive to heat. The growth at temperatures above the optimum 
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Text-fig. 1. 


looks unhealthy and stunted, and the white mycelium develops patches of 
bright yellow, which are indicative of a check to growth. This intolerance 
of high temperatures is probably one of the reasons why if, lacrymans is 
so rarely found in the open upon timber which may become heated by 
sunlight. M. lacrymans^ as far as is known, has never been recorded from 
a tropical country, and it is stated to cause much less damage to buildings 
in the United States of America, than it does in Northern Europe. This 
is no doubt partly due to the high summer temperatures and to the greater 
heating of buildings in the winter. 

Though the growth of M. lacrymans is slow at low temperatures, this 
fungus can cause considerable damage in the timbering of cold stores 
maintained at temperatures a few degrees above freezing-point, and it is 
reported to be very prevalent in buildings in Russia. 

Graph 3. 

Coniophom cerebella Pers, 


Temperature . 

go 
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20° 
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0 mm. 

C, cerebella * Idawelche ’ 
Temperature . . 8° 
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19° 
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25° 

27° 
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Lentinus lepldeus F r. 
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There are two well-marked strains of Coniophora cerehella, which can be 
readily distinguished in culture, one strain which forms a smooth, even mat 
of whitish, then brown colour, grows moderately quickly and the other. 



which has been called the Idaweiche form by Falck, grows more rapidly, 
and produces a thin yellowish then brown mat in which the strands stand 
out prominently. The difference in the appearance of the cultures of these 
two strains is so striking that it suggests that they are in fact different 
species, though in each case isolations from supposedly typical cerehella 
sporophores have given rise to both types of culture. The optimum 
temperature is about the same for both strains, and lies between 23° and 25° ; 
this fungus is considerably less sensitive to heat than Merulius lacrymaiis, 
and continues to grow quite vigorously at 30° ^•nd over. 

Curve 3^ {or Lentinus lepidetis shows that this fungus has much higher 
cardinal points than C. cerehella., the optimum lying between 27° and 30°, and 
the maximum about 37'’. This fungus occurs occasionally in railway- 
sleepers, paving-blocks, and poles which have been imperfectly creosoted. 
In these situations it must be exposed to comparatively high temperatures 
during sunny weather in summer. It also occurs in damp, warm, coal- 
mines. Snell ( 11 ) found approximately the same cardinal points as the 
above for this fungus. 

1 The curves are arranged upon the different graphs in such a vray that the lines do not interfere 
and obscure each other, rather than for purposes of comparison. 
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Graph 3. 


Lenities irabea. 
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Peri a vaporaria. 
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5° 
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Daedalea quercma. 
Temperature . 
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Text-fig. 3 . 


Lemiies irabea (Pers.) Fr. 

This fungus is characterized by its ability to grow at relatively high 
temperatures, the optimum lying about 35^ and some growth taking place 
at 40^, Falck established a species called £. ihermopkila which he described 
as growing well at high temperatures : cultures of this fungus have been 
compared with those of L, irabea^ and were found to be identical (2). 
L. saepiaria also grows well at high temperatures, but the optimum lies 
about 30®, and definitely lower than that of L. trabea, 

Poria vapor aria (Pers.) Fr. 

The strain of the fungus tested was obtained originally from the 
Baarn collection, and had been isolated by Professor Klujver. Similar 
cultures have been isolated by the authors both from the long pored, 
rather "Aiiik Polyporus vapor arius form, and from the thin, expanded, 
poroid form with strands of mycelium running off from the fruit body 
which is known m Poria VaillantiL The growth curve may be compared 
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with that of Mertdms lacrymans ; the decay of timber caused by these two 
fungi is very similar, but their cultures can be readily distinguished, 
P* vaporaria being able to grow vigorously at 30^ C. 

Daedalea quercina (Linn.) Fr. 

The growth of this fungus at some temperatures proved diiBcult to 
measure, as the aerial mycelium was surrounded by a halo of mycelium 
submerged in the medium. The fungus grows somewhat slowly in culture, 
and possesses an unusually low optimum. 


Polystictus versicolor. 

Temperature . . 9° 
Av. daily increment 4*6 

Ganoderina applanaiutn. 

Temperature . .10® 
Av. daily increment 0*9 


Graph 4. 
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Text-fig. 4. 

Polystictus versicolor (Linn.) Fr. 

This fungus, which is one of the most important agents of decay of 
Dicotyledonous wood in this country, grows rapidly in culture, and 
possesses a very wide temperature range with an optimum about 28-30°, 
which is similar to that found by Lindgren (9). The appearance of the 
mat of mycelium in a Petri dish culture varies greatly according to the 
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temperature. At a young culture consists of a rather sparse adpressed 
rnycelium with a loose cottony margin, and later a thin leathery skin-like 
mat Is produced, while at 35° it forms a rather silky, somewhat branched, 
bushy mat, with much more initial development of aerial mycelium (see 
Plate X, Figs, i and 2). 


Ganoderma applanattmi (Pers.) Pat. 

This fungus generally occurs in the heartwood of living Dicotylecloiioiis 
trees, in which it produces a white rot. The temperature range is similar 
to that of P. versicolor — but the daily rate of growth in culture is about 
half 

Graph 5. 

Trametes gibbosa. 
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Lensiies bettilma. 
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Trametes gibhosa. (Pers.) Fn and Lenzites beitdina (Linn.) Fr, are tw^o 
fungi which commonly occur on decayed Dicotyledonous timber. Occasion- 
ally forms may be found whose fertile surface is intermediate in character, 
and the identity of these specimens may be doubtful It will be seen from 
the graphs that while the temperature range is wide and approximately 
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the same for both fungi, T. gibhosa grows about twice as fast in culture as 
does L. hettdina. 

Graph 6. 

S cMwphyllum com mime. 
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Pleurotus ostreatus. 
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Fonies cryptarum. 
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Text-fig. 6. 

Schizophyllum commune Fr. 

This fungus is distinguished by the ability to grow well at surprisingly 
high temperatures. The optimum for growth is between 30° and 35°, and 
the maximum about 43-4° C. This fungus is of common occurrence in the 
tropics, and has been isolated on several occasions from tropical timbers, 
e.g. from Shorea leprosula, and from kiln-dried mahogany. It is not of 
economic importance, however, as it appears unable vigorously to attack 
the cell-walls of wood, and thereby cause any serious weakening or loss in 
weight of the timber. 

Pleurotus ostreatus (Jacq.) Fr. 

Possesses a wide temperature range with an optimum for growth of 
about 25° C. It is capable of making comparatively rapid growth at low 
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temperatiiresj the diameter of a culture at io° showing an average daily 
increment of ^ mm. 

Fames cryptarum. 

This fungus has been isolated on several occasions from decayed oak 
wood in buildings in this country. From the type of decay it causes^ the 
appearance of the sterile sporophores, and the growth in culturcj there is 
little doubt that it is identical with the fungus described by Mangin and 
Patoiiillard as Phellmus cryptarum Karst (10). This fungus is being 
further investigated by the authors. It may be noted that the plant in 
question is certainly not the Fomes cryptarum of some German workers 
who consider it a variety of Fomes annosus. The fungus grows well at 30*^, 
but the optimum probably lies slightly below that temperature. Growth 
at low temperatures is very slow. 

Graphs 7 and 8. 


Stereum hirsuttim Fr. 


Temperature . . 3® 
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16® 
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Stereum purpureum Fr. 
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1 1*0 

I4’8 

20*6 

22*3 

17*5 
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Stereum spadiceum Fr. 
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Stereu 7 n frustulosum (Pers.' 
Temperature . ,10® 

)Fr. 
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Stereum rugosum (Pers.) Fr. 
Temperature . . 10° 15° 

20® 

23® 

25" 

27® 
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35 ° 
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The temperature relations of the five species of Stereum which have 
been investigated are illustrated in graphs 7 and 8, and may be considered 
together. The following points may be noted. 

I. With the exception of S, rtigosum the optimum for all the species 
examined is the range of temperatures over which they can 

grow is fairly wide. 

3. At their optimum temperature S, purpureum and SP hirsutum 
grow more rapidly in culture than do any of the other fungi which were 
examined ; they are also capable of making moderately rapid growth at the 
low temperatures, and their fruit bodies frequently appear during the winter 
months., ^ ’ 
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3. S. frustulosum grows extremely slowly in culture, but possesses 
a wider temperature range. 



O 5 10 15 20 25 30 35 

TEMPERATURE ®C. 

Text-fig. 7. 



4. 5, nigosimt may be distinguished from the other species^by haying 
an optimum of about 

Below are listed the rates of growth of a number of wood -destroying 
fungi, which have been previously investigated. 
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Paxillus panuoides Fr® (4). 


Temperature . 
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Trametes serialis F r 

.(I). 
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0*1 mm. 




Femes annosus Fr. (5). 








Temperature . 
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Polyporus adustus Fr. (2). 
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Polyporus fimzosus (Pers.) 

Fr. (2). 
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15° 
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0 mm. 



Discussion. 

The method used for comparing rates of growth at various tempera- 
tures was chosen, after some consideration, as being the simplest, and as 
one which can give rapid and repeatable results. 

The absolute rate of growth as determined by these measurements has 
little significance, and cannot be directly applied to conditions of growth in 
wood. A fungus like Stereum purpureuni which grows with great rapidity 
over malt agar, is able to decompose wood only very slowly. Then again 
the area of spread of the mycelium does not give a true measure of the 
total amount of mycelium present, but by this method the relative rates of 
growth of the same fungus at different temperatures may be determined. 

Whether the relative rates of growth of fungi are exactly the same on 
wood as on agar media has not been definitely established. Lindgren ( 9 ) 
found that for both Lenzites saepiaria and Polystictus versicolor, the most 
rapid decay was caused at the temperature at which the fastest mycelial 
growth occurred, but that, on the other hand, Lentinns tigrinm brought 
about the greatest decay at 27° on certain timbers, while the most rapid 
mycelial growth took place at His results are somewhat inconclusive, 
as the losses in weight on which the estimate of the amount of decay was 
based were comparatively small, and the number of samples employed was 
not large, in view of the great irregularity which is always experienced in 
decay experiments with blocks of wood. He concludes that in all proba- 
bility the assumption that the temperature relations of an organism on 
wood can be predicted from the results of tests on agar is sufficiently 
correct for all practical purposes. The drying out of wood blocks at the 
higher temperatures which may lead to a slowing down of the growth of 
, the fungus is a factor, which must be , considered and controlled in any 
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experiments made to compare the rates of decay of blocks at dilferent 
temperatures. 

Temperature and Distribution. 

Temperature is one of the most important ecological conditions 
affecting the distribution of fungi. The saprophytic fungus flora of the 
world is very much more uniform than that of the flowering plants^ and 
many species of fungi have a world- wide distribution. Fungus spores are 
so easily distributed by air currents that some of the common species will 
be found growing wherever a supply of suitable food material and the 
necessary temperature and humidity conditions are present. It may almost 
be said that if suitable pabulum be exposed under the appropriate con- 
ditions, a certain series of saprophytic fungi will be certain to make their 
appearance, though the frequency with which any one species appears will 
depend upon the density of the local infection. 

The temperature relations of a fungus largely determines its geographi- 
cal range, some species possessing a wide temperature range may be found 
almost universally distributed. Occasionally a strain of a fungus isolated 
in the tropics has higher cardinal points than a strain of the same fungus 
isolated in a colder country. 

The extremes of temperature experienced have obviously a limiting 
effect upon the species found in any locality ; Mertdius lacrymans {domestic 
cus) is never found in the tropics {vide p. 484), nor is it ever found in a hot 
coal-mine where temperatures average over C. Fungi which occur very 
generally distributed, such as Polystictus versicolor and Pleurotus ostreatus^ 
are found to possess a wide temperature range. 

The question as to whether one species or another becomes dominant 
in any environment where the conditions of food-supply and humidity are 
equally favourable to both, will largely depend upon the relative rates of 
growth at different temperatures. Supposing the spores of two wood- 
destroying fungi such as Coniophora cerehella and Lentinus lepideus are 
placed upon a medium equally suited to both ; at Coniophora is able to 
grow 50 per cent, faster than Lentinus, and this differential rate will soon give 
Coniophora an advantage enabling it to occupy most of the medium ; on 
the other hand at 30®, since Lentinus can grow about twice as fast as 
Coniophora, the positions will be reversed. It is therefore evident that 
temperature plays a large part in determining what species are predominant 
in decaying any piece of timber. 

Use of Temperature Curves, 

The temperature and rate of growth curves are useful in several ways, 
e.g. for: 

(1) characterizing certain species in culture enabling them to be 
recognized and distinguished from related species ; 
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(d) indicating the possibility of any species occurring in a given 
locality or country ; 

is) pi'oviding data as to the optimum conditions under which to carry 
out tests with the fungus of the resistance of any timber to decay^ or of the 
toxicity of wood preservatives. 

Thermal Death Points. 

In this paper no reference has been made as to the temperatures which 
are necessary to kill wood-destroying fungi. Experiments upon cultures 
in agar can give only a rough indication of the behaviour of the fungi in 
wood ; those which are the most resistant in agar cultures will be among 
the most resistant in wood, but the actual times necessary to sterilize fungi 
growing in wood, particularly if this is at all dry, will be much longer than 
in agar cultures. Snell (13), using | in. blocks artificially inoculated with 
Lemites saepiaria, Z. irabea^ Lentmus lepideus^ Trametes serialise and 
T. carnea, found that none of the fungi within these blocks was able to 
withstand 131'^ F. (55° C.) for twelve hours at moist heat, while it took 

F. (105° C) for twelve hours to kill all the fungi with dry heat. 

Hubert (7) carried out a series of experiments upon infected timber 
which was kiln-seasoned according to the usual schedules, and found that, 
provided this treatment was carried out at temperatures exceeding 120° F. 
(49° C.), any fungi growing in the blocks were killed. 

Liese (8) determined the times necessary to kill various wood -destroying 
fungi growing in agar cultures. Generally speaking his results, considered 
in relation to those recorded in this paper, show that the fungi which possess 
the lower optima are also those which are most sensitive to killing by heat, 
and that those which can grow at the higher temperatures are among the 
more resistant to heat. 

A knowledge of the temperature relations may therefore be helpful in 
deciding what temperatures it is necessary to employ when steaming or 
kiln-drying timber infected with wood-destroying fungi. 

Summary, 

The importance of temperature in determining not only the rate of 
growth of wood-destroying fungi, but also the actual species dominant in 
any locality is discussed. 

The technique employed for measuring rates of growth of cultures on 
malt agar at various temperatures is described. 

Tables and graphs illustrating the rates of growth of a number of 
wood-destroying fungi are given. 

The usefulness of these graphs in assisting identification of the fungi 
in culture is discussed, and reference is made to the relation between the 
temperatures suitable for growth and the thermal death points of the fungi. 
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explanation of plate X. 

Illustrating Messrs. Cartwright and Findlay’s paper on ‘ Studies in the Physiology of Wood- 
destroying B ungi. 11 . Temperature and Rate of Growth.’ 

Fig. I, Petri dish culture of Polystictus versicolor on 2 per cent, malt agar, grown at 20® C. 
Fig. 2. Petri dish culture of P. versicolor on 2 per cent, malt agar, grown at 35° C. 
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On the Use of Simultaneous Observations on Succes- 
sive Leaves for the Study of Physiological Change 
in Relation to Leaf Age. 

BY 

R J. RICHARDS. 

(F/om the Bepayiment of Playit Physiology and Pathology , hnp&fial College ot Scmtce ajid 

Technology y Londoni) 

With two Figures in the Text* 

ACCOUNTS of research dealing with the influence of leaf age on 
physiological characteristics appear in botanical literature from time 
to time. The approach to this problem is frequently simplified by taking 
advantage of the fact that the leaves present on a shoot at any particular 
time constitute an age series, thus rendering the comparison of leaves of 
different ages an easy matter and conveniently reducing sampling errors to 
a minimum. In a general sense the succession of leaves does, of course, 
form a series of structures of increasing age, those nearest the growing point 
being the youngest and those farthest removed the oldest. Furthermore, 
since the order of death among the leaves on a shoot is in general the same 
as their order of production, the presumption is strong that other cor- 
responding stages in development, if such exist, are reached by the various 
leaves in the same order, ^ 

But it is not legitimate to assume that each leaf on the plant begins 
its history with the same constitution and repeats in its turn the same 
succession of physiological changes, at the same rate, as every other ; if 
this were true, then and then only would the successive leaves at any time 
represent stages in the development of a single leaf. Underlying work of 
the kind under discussion, therefore, is the assumption that the successive 
leaves produced by a plant, if taken at corresponding stages, form a uniform 
population whose distribution is determined entirely by chance causes, 
and that there are no general drifts dependent on the time during the life 
history of the plant at which the individual organs are produced. That 
such an assumption has been made appears to be often entirely ufit- 
rtecognized, but it is neveitheless totally unwarranted. In fact, so complex 
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appears to be the relationship between the age changes of many character- 
istics of the successive leaves that it frequently becomes impossible to 
define ^ corresponding stages ’ among the various members with any 
approach to accuracy. 

The successive leaves on a shoot usually attain very different sizes^ 
shapes, and colour; and an indication that more fundamental characteristics 
may be quite dissimilar is given by the fact that the foliage leaf series is 
not continued indefinitely, but after undergoing readily observed transitions 
in the above characteristics may be directly succeeded by an apparently 
new kind of member. Very probably underlying the sudden morphological 
change there has been a more gradual physiological transition. The growing 
point in fact produces a succession of foliar primordia which from their 
inception may be very different in both constitution and potentialities, for 
the meristem itself has a well-defined life history, and in the production of 
its members reflects the general age of the shoot, or plant, including 
changes in the supply of nutrients and food materials. 

In the leaves on a plant, therefore, one is concerned with two age 
drifts, the age of the individual leaves and that of the shoot ; and these 
are in a sense opposed, leaves which are of the most advanced age having 
been formed by the shoot while the latter was in a comparatively young 
stage, and vice versa. 

Characteristics of the successive leaves of barley, and their changes 
with age, have been extensively studied in this Institute. The results are 
striking in that in almost every observed respect the successive leaves are 
so unlike as to invalidate any attempt to deduce the age sequence of a 
single leaf from the particular values observed in successive members at any 
one time. Some of these results have already been published (2 and 6), 
e.g. the ratios of dry weight to leaf area and of water to leaf area, water 
content, potassium content, rate of respiration and rate of carbon assimila- 
tion of the successive leaves immediately after complete expansion. Many 
more data as yet unpublished are available for carbohydrate and nitrogen 
fractions. From these it is clear that it is impossible to predict what course 
any particular characteristic will take throughout the leaf series. The ratios 
of dry weight to leaf area and of protein nitrogen to total nitrogen, for 
example, do not show any very large variation in successive leaves of well 
nourished plants, but under certain conditions may differ more widely, e.g. 
when potassium is lacking. Nitrate nitrogen, on the other hand, rises to a 
maximum in some particular leaf and declines rapidly in the later ones, 
while pel centage dry matter falls to a minimum and afterwards rises. In 
other wes the relationship may be more complicated~for example, in 
total nitrogen expressed as a percentage of dry weight the value is maximal 
.';at leaf ,2 or 3 and^fninimaLat 8, or 9 ,'showing a real rise again in the 'last 
cleaves produced. 
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Leaves for the Study of Physiological Change. 

More important still for the present purpose is that the variation from 
leaf to leaf may be much greater than the change with age within any 
particular leaf ; and that in fact not only is there this primary difference 
between the individual leaves, but age does not necessarily have the same 
effect on one leaf as on another, and a statistically significant interaction 
may be obtained between leaf number and leaf age. In illustration of this 
last statement the variation found in total nitrogen as a percentage of dry 
weight in the leaves of barley may be given. After complete expansion, 
in the first leaf, the nitrogen content fell very slowly from 4*92 per cent, to 
3*54 cent., the last observation taken before death. In leaves later 
than the first the life history is shorter and the rate of fail with age is much 
more rapid; the last leaves, however, which again have longer histories 
and presumably intercept the upward translocation of nitrogen to the 
developing ear, continue to accumulate nitrogen for a considerable time 
after complete expansion. It is also interesting to note that the lowest 
observed values in the first few leaves are actually higher than the highest 
in the last four leaves produced. 

As an example of the unwarranted conclusions which have been drawn 
from data in which the leaves present on a shoot at one time have been 
used as an age series may be cited some respiration results of Hover and 
Gustafson (3). Working with maize, sorghum, oat, wheat, and sunflower, 
they claim to have shown that in every case except the last the respiration 
rate of leaves at first decreases with age to a minimum, but subsequently, 
* past about middle age’, increases again. Now it is known ( 2 , 6 ) that in 
barley the successive young leaves do not have the same respiration rate, 
but that those first formed have a higher rate than the later ones. Taking 
as a first approximation that in general the earlier a leaf is produced the 
higher is its respiration rate, and that during the life history of each leaf 
its respiration rate falls more or less proportionately to its initial value, the 
results of Hover and Gustafson can readily be explained. Such a system 
may be represented by the scheme shown in Fig. i, where curve i repre- 
sents the respiration-time relation of the last-formed leaf, and curve 8 that 
of the first-formed (oldest) leaf. This is the notation used by Hover and 
Gustafson. These leaves having in fact been produced at more or less 
equal intervals of time, the respiration-leaf number curve at a time in 
which these eight leaves are all simultaneously living on the shoot may be 
directly obtained by taking equally spaced intercepts on the curves along 
the time axis. This curve is represented by points AI-a8, where Ai^ Aa, 
&:c., represent the respiration rates attained at this time by successive 
leaves,-^ -The usual relationship found by these workers is precisely of this 
type, and there is clearly no justification for assuming, as they do, that it 
represents in any way the respiration-time relation of single leaves, or that 
this cmwe is identical with those from which it is . obtained,, nameIy;rr- 8 ,;'''\ 



5CO Richards. — Sinmltaneous Observations on Successive 

In reality there is no doubt that the facts are more complicated, since 
the curves i-8 have been assumed to be exactly similar, whereas they are 
known to differ somewhat among themselves. That the explanation given. 



Fig, I. Genexal scheme for the respiration rate- time relation of the successive leaves on 
a shoot, and for the respiration rate-leaf number relation at any given time. For exiplanation see 
text 


however, is a first approximation to the truth is evident from one of the 
diagrams given by Hover and Gustafson, and reproduced with additions in 
Fig, a. In this, curves are presented of the rates of respiration of all the 
leaves present on maize plants at different stages of growth : 3-, 4“-, and 
lo-leaved stages. The authors state that ‘ since there were variations in the 
duration of the experiments and also in the temperature conditions, the 
rates of respiration in one experiment cannot, except in a general way^ be 
compared with the rates in another The italics are not in the original 
The stated differences in the duration of the experiments are certainly 
insufficient to account for the very different levels of curves A, B, and c, and 
it is most unlikely that seasonal variation or the temperatures within the 
laboratory could do so, though these explanations are the only ones offered 
to account for the large divergences. 

If these curves are compared, * in a general way \ it is at once clear 
that the third leaf in a becomes the fourth in B, and the tenth in C, or 
\possibly some leaf which has already ■ withered ; this,, however, does not 
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affect the general argument. When the points representing the respiration 
rates of this leaf at these three stages are joined a continuously falling curve 
is obtained. By joining other corresponding points in their diagram a set 



of four curves similar in spacing to those of Fig. i is obtained, three being 
determined by three points each, and the fourth by two. From this 
diagram then it is evident that a young leaf when the plant is in a 3-leaved 
stage has a higher respiration rate than one of a corresponding age when 
the 4-leaved stage is reached, and this again is much higher than that of a 
young leaf from an older plant — a result that entirely confirms those 
obtained for barley by the author. 

More recently Pope (5) performed precisely similar respiration ex- 
periments, using the leaves present at one time on the tillers of barley, and 
concluded that 'the rate of respiration was high in young barley leaves 
and decreased in proportion to the rapidity with which the leaves matured. 
Catalase activity was low in young barley leaves and increased to a 
maximum at about the time of leaf maturity, after which it decreased ^ 
He therefore found a negative correlation ''between respiration. rate ;:,ahd; 
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catalase activity in homologous younger leaves. In older leaves relation- 
ships were indefitiite.’ The same confusion between leaf age and leaf 
number thus exists, and his results are accordingly difficult to interpret 
with precision. The difference between his respiration rate results and 
those of Hover and Gustafson is doubtless due to the fact that Pope used 
only the later leaves of the series produced on a tiller, and not the earlier. 
It has been shown ( 2 , 6) that the differences in respiration rate between the 
successive leaves of barley at corresponding leaf ages are greatest among 
the earlier ones, later ones showing comparatively slight differences. If 
therefore these later leaves alone are tested simultaneously the result to 
be expected is a continuously falling curve similar to the first half of A i~A 8 
in Fig. I, and that is precisely the form found by Pope. If on the other 
hand the series is tested at a still greater age, so that the last leaf produced 
on the shoot is already of considerable age, it is evident that a falling curve 
need no longer be obtained, a rising one being at least as probable. This 
is the condition in the oat and wheat experiments of Hover and GustafsoDy 
in which an increasing rate with ^ age ^ was generally observed. 

Pope’s catalase results again must be compared with the curve AI-a 8 
in Fig. I, and do not at all necessarily reflect the effect of leaf age alone 
on its activity. It is, moreover, entirely false to correlate catalase activity 
with respiration rate in his leaf series unless it is reasonably certain that 
other factors affecting respiration rate are nearly constant. In his * homo- 
logous younger leaves ’ it is very probable, from similar observations made 
at this Institute, that the successively younger leaves had rapidly increasing 
sugar contents, besides possibly increasing nitrogen and protein contents ; 
the negative correlation he observed in his youngest leaves may very likely 
be caused entirely by differences in concentration of sugar or amount of 
protoplasm, and therefore these particular data do not justify his final 
conclusion on the relationship between catalase activity and respiration 
rate : Gt is highly probable that any correlation is fortuitous 

One final example from the literature may be given. Pearsall ( 4 ) in 
1931 determined various nitrogen fractions in the protein of six selected 
leaves, covering a range of leaves, from shoots of Beta vulgaris v, cicla, 
assuming these to form a simple age series. This series he divided into 
two portions — leaves in the ‘ growth ’ stage and those in the ^ photo- 
synthetic ’ stage. He found that the older the leaf the lower was the ratio 
of basic-N to non-basic-N, i.e. roughly speaking, diamino-N to mono- 
amino-N ; this value fell rapidly at first but became nearly constant among 
the older leaves. From a comparison of this change with corresponding 
changes in leaf length and leaf weight he concludes ^ it is clear that growth 
metabolism incoiporates a far greater proportion of basic-N into the proteins 
than does the manufacture of photosynthetic protein Such a conclusion, 
//If true, is important,' and for this reason the experimental evidence on which 
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it rests should be above criticism. Since the result depends on the 
supposedly much higher correlation with leaf length than with leaf weight, 
in the light of the previous discussion it is evident that a complex 
assumption is involved, i.e. change during growth in the ratio of basic-N to 
iion»basic-N, as compared with change in (a) length and (d) weight, is the 
same from leaf to leaf. The simplest conditions under which this can be 
fulfilled are that (i) at corresponding ages in the successive leaves the ratio 
value is equal, and similarly ( 2 ) at corresponding ages length and weight 
are equal in all members, and therefore the ratio of length to weight is 
constant at a given age, and all leaves attain the same final length and 
maximum weight. 

Admittedly, on a priori grounds, the errors due to these assumptions 
may not be so great as those in the previous papers discussed, for the 
following reasons : Chibnall (1), using all the leaves present on the plant, 
found the various fractions in the proteins of rimner-bean leaves to be 
remarkably uniform from a 6-Ieaved stage to a 372 deaved stage; and in 
barley supplied with ample nutrients (2, 6) the ratio of leaf area to dry 
weight is rather more constant in successive leaves than are most leaf 
characteristics. But comparatively slight errors due to these causes would 
be sufficient to alter the general trend of the correlations Pearsall found; 
it is unfortunate that so important a conclusion should rest on such doubtful 
premises. 

Conclusion, Only in very exceptional cases is it permissible to use 
the leaves present on a shoot at one time as representative of a simple age 
series from which the history of single leaves at successive stages may be 
deduced. Included in the differences observed between the members are 
differences due to the fact that, even at comparable ages, the successive 
leaves constitute a series of inherently different physiological structures. 
To determine the effect of age on a particular leaf the corresponding leaves 
at various ages on replicate plants must be used, even though this involves 
larger errors of sampling. Further, it must be recognized that the age 
effect need not be uniform from leaf to leaf. Finally, it is impossible to 
separate effects which may be possibly ascribed to age as such from those 
due to change in conditions of nutrition, See, As a leaf ages it becomes 
further removed from the growing point and passes successively from the 
position of the topmost leaf on the shoot to that of the lowest living leaf, 
a change which in itself must have a far-reaching effect. 
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Anomalous Secondary Thickening in Compositae. 

BY 

R. S. ADAMSON. 

With seven Figures in the Text. 

I N the course of some investigations on wood structure examples were 
found of anomalous secondary growth in certain of the shrubby 
members of the Compositae in the South-western Cape region of South 
Africa. This anomaly is a type that does not seem to be recorded in this 
family. Deviations from the normal method of secondary thickening have 
been recorded in several members of the Compositae (5), but these are 
either in climbing plants or tuberous stems. 

The cases described at present are small shrubs with hard woody 
stems and without obvious external peculiarity. The anomalous growth 
has been found in the following genera: Lachnospermum, Elytropapptis^ 
Disparage^ Stoebe^ Perotriche^ and Phaenocoma. All these plants are woody, 
with very hard stems characterized by possessing very thin bark. The fol- 
lowing measurements will illustrate the point. In making them, the cambium 
line along which the bark peels off was taken as the limit of ‘ bark k 


Species. 

Total 

Thickness 

diameter. 

of bark. 


mm. 

mm. 

Metalasia ^rmricafa 

II-2 

0-2 

Elyiropappus rhinocerotis 

10*4 

0*3 

Phaenocoma prolifera 

6*2 

0*2 


In the stems of these plants secondary growth commences at an early 
period. The secondary tissues are formed by an extrafascicular pericyclic 
cambium which adds to the tissue by divisions cut off on the inside. The 
new tissue consists of strands of xylem and phloem, arranged radially to 
one another, embedded in ground-tissue that is usually lignified. The type 
of secondary is exactly like that which is found in Arthrocnemum or 
Bougainvillea and some others of the Centrospermae (cf. Pfeiffer, where 
full references are given). The cambium layer that forms is persistent 
throughout. There is no development of successive cambia as in many 
Amarantaceae (5, 6), 
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Primary stem. The primary stem in all the plants is of small 
diameter with the bundles arranged round a central pith that becomes 
lignified. The primary bundles are without cambium (Fig. i). At the 
time differentiation is completed all the cells between the xylem and 
phloem become lignified. Lignification also occurs throughout the phloem 
with the exception of the sieve-tubes and their companion cells. Fibres 
are found immediately outside the phloem. 

External to the bundles is a single layer of parenchyma cells forming 
a pericycle* The innermost layer of the cortical cells are enlarged and 
appear empty. The walls of this layer become suberized at an early stage, 
before any secondary growth has commenced. The cortex beyond is very 
thin, and becomes dried up soon after the suberization is completed. 

All the plants have small, more or less ericoid leaves, each of which 
has a single leaf trace. The leaves persist on the stems some time after 
secondary growth has commenced. The departing trace is accompanied 
by a prominent leaf-gap. 

Cambium. The cambium arises from the layer immediately internal 
to the large suberized cells and just external to the primary bundles. At 
first the cambium is a single layer, the division of which adds to the tissue 
inside. At first no divisions occur to the outside ; the layer of suberized 
cells persists and its cells become tangentially stretched. Later, with 
increasing diameter, this layer is ruptured and new cork cells are added 
by external division of the cambium zone which has become broader; 
3-5 cells in Metalasia, but wider still in Pkaenocoma and Elytropappus^ 
In old stems of Pkaenocoma and Metalasia cephalotes the cork forms a 
thick covering, but quite a thin one in the others. The primary cortex 
which persists for some time is finally cast off when cork formation 
commences. 

Secondary tissues. With the exception of the sieve-tubes and their 
companion cells all the cells formed from the cambium become lignified. 
The secondary tissues are in immediate juxtaposition to the primary 
bundles ; there is no gap between them. In the secondary tissues consider- 
able displacement of cells occurs as the result of enlargement of vessels, &c. 
The phloem strands in the secondary tissues are easily recognized owing to 
the presence of very thick-walled fibres around the sieve-tubes, and especially 
to the outside. This development of fibres in the phloem occurs in all 
except Metalasia^ where few are formed. The actual form of the secondary 
tissues shows small differences in the different genera. 

In Metalasia the strands of xylem and phloem are quite small, the 
phloem especially consisting of 3-4 sieve-tubes only. The secondary tissue 
is traversed by broad rays of lignified cells. In old stems distinct concen- 
tric rings are formed as the result of differences in the size and thickening 
of the cells of the ground tissue (Fig* z). 
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Phaenocoma is similar to Metalasia, but the strands of xylem and 
phloem are larger, rays are not distinct, and there is no formation of rings. 
Elytropappus rhinocerotis has distinct bundle-like strands scattered in 




Fig. 2 


Fig. I. Sioebe cmerea. Transverse section of stem showing primary bundle and beginnings of 

secondary tissues, x 310. 

Fig. 2, Metalasia muricaia. Part of transverse section of old stem with ring formation. 
S.T., groups of sieve-tubes, x 200. 


lignified ground tissue with no definite rays and no rings. The xyleni 
strands contain 1-2 rows of 5-6 radially placed vessels; the phloem has 
a few sieve-tubes scattered among very thick- walled fibres. In E. micro- 
phylhis the xylem and phloem are in strands which are widened tangentially, 
giving the whole mass the appearance of concentric zonation. 

Four species of Sioebe have been examined, in all of which this 
tangential extension of the strands is more developed. The xylem and 
phloem are flattened strands separated from one another by lignified 
ground tissue. This gives a definite concentric appearance which is 
emphasized by the small very thick- walled fibres external to the phloem. 

Perotriche is anatomically indistinguishable from Sioebe. 

Two species of Dispar ago have been examined. These are similar to 
Sioebe., but the flattened strands are only connected by the fibres; the 
xylem s and phloems form a series of small parallel strands sepafatfe from 
one another. 


M m 
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Lachnospermtmi has a less regular structure. The groimd-t issue is 
almost confined to rays which are six or more cells across. Between the 
rays the tissue is made up of xylem with strands of phloem. The phloem 



strands consist of a small group of sieve-tubes ensheathed by a band of 
small hard fibres. 

Root. The roots are hard and wiry, often extensive but not very 
freely branched. 

While the course of secondary growth in the stems in all the genera is 
essentially uniform, differences occur in the roots. 

In all the plants secondary growth commences early. In Metalasia 
muricata roots with a diameter of 0*5 mm. had the beginning of secondary 
tissue. A root from the same plant in which primary differentiation was 
just completed measured 0*44 mm. 

In Elytropappus ^ rhinocerotis roots with primary differentiation just 
completed measured o*4X mm, and secondary increases commenced without 
increase in ' diametei*. The' primary roots are usually 3- or 4-arch, less 
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commonly or 5-arch. As in the stems, all the cells except sieve-tubes, 
of the phloem, both primary and secondary, become lignified. 

Metalasia. The primary 3- or 4-arch root does not form a cambium 



between the xylem and phloem. The ground tissue-cells in this position 
all become lignified and are mostly transformed into xylem elements (Fig. 3). 
A cambium arises from the pericycle which behaves and develops exactly 
as does the cambium in the stem and the secondary tissues formed are 
identical with those in the stem. There is no difference in structure between 
a stem and a roof in Metalasia except for the arrangement of the primary 
tissues. 

Phaenocoma, A different structure is present in this plant. The roots 
are thicker and generally 4- or 5-arch, with a distinct lignified pith. After 
the completion of the primary tissues a cambium is formed in the normal 
position and carries out divisions in the ordinary way, though forming 
much less phloem than xylem, and forming phloem only next to the 
primary phloem strands. Cambial growth continues till the xylem forms 
a fluted cylinder with the phloem occupying the grooves. The whole is 
cylindrical and of the so-called ‘Bignonia* type. The diameter of this 
fluted cylinder may be as much as i* 6(5 mm., though usually less. Subset 
qiiently the cambium internal to the phloem ceases division and a cp.mbiutp 
is formed external to the phloem strands. This external cambiurUi which 
is a continuous ring, forms additions to the inside exactly as 

Uma 'A' 
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the stem (Fig. 4). In old roots the cambium forms a broad zone 8-13 
cells in thickness and produces cork externally. When this external 
cambium is formed the original cambium internal to the phloem remains 



Fig. 5. Blytropappus rhinocerotis. Transverse section of old root showing distribution of 
phloems (dotted) and * phloem islands \ x 35. 

unaltered as a line of thin-walled cells surrounded and enclosed by cells 
with lignified walls. In the subsequently formed phloem strands there are 
no such thin-walled cells present, though the fibres show no change *in 
diameter or sectional outline from the cambium cell from which they arose. 

Elytropapptis, The young roots are very slender and are 3- or 4-, less 
often 5-arch. Secondary growth commences normally just as in Phaenocoma 
and forms a fluted cylinder of the ‘ Bignonia' type. This cylinder is, how- 
ever, quite small ; the largest seen was 0*5 mm. in diameter, generally it is 
much less. Subsequent growth produces rather irregular concentric zones 
with strands of xylem and of phloem (Fig. 5). The phloems have fibres 
externally. Internal to each phloem is a line of cambium- like cells, though 
this is often incomplete. In old roots all the cells may become lignified. 

The formation of these later secondary tissues is not the same as in 
Phaenocoma, As in that genus, an external cambium forms round the 
original fluted cylinder and forms a zone cells in thickness. From 
this cambium xylem and ground-tissue are differentiated by internal 
divisions, but differentiation of phloem commences in the middle region of 
the cambium and additions are made centripetally by the cambium cells 
on the inside. The phloems thus formed appear at first as islands in the 
cambium zone. In the growth of the phloem all the cambium cells may 
be transformed to permanent tissue, or a single line may remain, which 
ceases division. As xylem is forming on either side of these phloem 
islands, the outer margin of the woody tissue is fluted. The cambial cells 
lateral to the phloem islands become changed to permanent tissue. 

Subsequent growth, after the formation of a phloem island, is carried 
out by the outer cells of the cambium zone (Figs, 6 and 7). 



Adamson, — Anomalous Secondary Thickening in Compositae, 51 1 

Stoehe, The plan of construction of the root is in all essentials like 
that in Elytropappus, In Stoebe capitata the cambium cells internal to the 
phloem strands, which are tangentially extended, become wholly transformed 




Fig. 6, Elytropapptis rhmocerotis. Part of section showing early stage in formation of a 
^ phloem island x 300. 

Fig. 7. Elytropapptis rhinocerotis. Phloem island completed, x 300. 

into permanent tissues ; whereas in S, cinerea and other species a distinct 
line of cells with thin walls persists just internal to the ploem even in 
old roots. 

Disparago has exactly the same arrangement, with persistent thin- 
walled cells internal to the phloem. 

Discussion. 

The genera in which this anomalous secondary growth has been 
observed are allied to one another. They all belong to the tribe Inuleae, 
but represent two of the sub-tribes : Phaenoco^na is placed in the Gnapha- 
linae, while the other genera belong to the Rellianiinae (cf. Hoffmann). 

In attempts to discover the extent to which anomalous growth occurs 
in the family, the following allied genera have been examined in addition 
to those described : 

Gnaphalinae. Gnaphalium, Helichrysum^ Helipterum^ Petalacte^ 
Anaxeton^ Leontonyx. 

Relhaniiiiae. Bryomorphe^ Relhania^ Nestlera* 

Athrixiinae. Atkrixia^ Leyssera, 

Filaginae. IJloga. 

In all these genera secondary growth is normal in its formation. The 
plants do, however, show some features in common with those described. 
In both stem and root the phloem becomes lignified except for the sieye- 
tubes and companion cells. In both root and stem secondary phloem' 'is 
added only at the positions of the original phloems and the xylem may 
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become slightly fluted. For example, in Fetalacte, where the primary root 
is diarch, the secondary phloem strands together occupy less than a quarter 
of the circumference of a four-year-old root. 

Of these other genera examined, Nestlera^ Relkania^ and Ifloga alone 
form woody bushes comparable to those of the forms with anomalous 
growth. The others are more or less herbaceous and very often without 
persistent woody aerial stems. 

Anatomically, Athrixia seems to represent an extreme state in the 
tendency towards the herbaceous habit. The underground part of the 
stem has normal continued secondary growth, but the flowering shoot has 
limited growth. Secondary tissues are only added in the original bundles, 
no interfascicular cambium being formed. The cells of the rays between 
the bundles become completely lignified. 

In the roots especially the similarity in structure is very striking. 
The early stages in the roots of Elytropappus or Stoebe are almost identical 
with corresponding sizes in Helichrysum or Petalacte^ which have the 
limited strands of secondary phloem. 

Apart from the anomalous thickening these plants are anatomically 
closely allied to their systematic allies, and it would seem a possible view 
that the anomaly has arisen as a means of attaining the shrub life-form by 
a plant that was wholly or partially herbaceous. These plants have no 
normal cambium in. the stem and develop the anomalous one from the 
pericycle. 

These plants might be quoted as examples in support of what Mrs. Arber 
has termed the ‘Law of Irreversibility’, that an organ or structure lost 
cannot be recreated but may be functionally replaced by some new develop- 
ment Against this, however, may be placed the curious root behaviour 
in all except Metalasia, The root is generally looked upon as a conserva- 
tive organ, and the persistence, even partially, as in these plants, of normal 
secondary growth might be taken to represent an ancestral character. But 
a partial loss of cambial activity is not readily explained by the ‘ Law of 
Irreversibility \ 

To return to the systematic arrangement, the genera Elytropappus, 
Stoehe^ Peroiriche, and Disparage are exceedingly closely allied to one 
another, so closely, indeed, that there may be some doubts as to the validity 
of maintaining all the genera. Metalasia and Lachnospermtmt are also 
very nearly related, and these, with the first group, form a compact division 
in the Relhaniinae, easily separated from Relhania, Nestlera, and others. 
Along with the first group are included three other genera, Bryomorpke, 
Amphiglossa, and Syncepkalum- The two last have not been examined, 
but the first which has normal structure is a cushion plant with short, closely 
crowded shoots, which ha§ achieved the herbaceous habit. 

. ' Pkmnocom^f same habit ^ and ■.anatomy as these 
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others, is separated by its floral characters and associated with Helickrysum^ 
to which indeed it was united by Baillon. It is especially associated with 
Petalacte and Anaxeton in 'having the central flowers sterile and the outer 
female. Thus if the grouping represents real affinities it would appear that 
this form of anomalous thickening may have arisen more than once from 
nearly allied ancestors. 

The general hypothesis that this anomalous thickening is a character 
acquired by the plants which have developed from more or less herbaceous 
ancestors is supported by the views expressed by Small in regard to the 
evolution of the family. He states that Gnaphalmm arose early '[in the 
Tertiary epoch and represents the earliest of the sub-tribes. Helichrysum 
was differentiated in the early Miocene and the Relhaniinae about the end 
of that period. In his schematic diagram Small indicates (New Phyt., 
xviii, fig. 79) a different origin for Relha?tia on the one hand and Metalasia 
on the other, the latter being derived from Helichrysum, 

But while these views seem to gain support from the anatomical data 
that have been put forward it is not proposed to follow them out at all. 
The plants with anomalous growth form a group of forms closely related 
in many features, and one which has achieved a distinct element of success. 
Both Metalasia and Elytropappus contain species which appear to have a 
progressive and expanding area of distribution. 

Summary. 

Anomalous secondary growth occurs in seven genera of Compositae 
belonging to the Inuleae in the sub-tribes Relhaniinae and Gnaphalinae. 

In the stem the primary bundles are without cambium. A pericyclic 
cambium arises which adds internally strands of xylem and phloem with 
ground-tissue. 

In the root a pericyclic cambium which forms tissues just as in the 
stem occurs in Metalasia, In the others the root at first grows normally 
and reaches a ‘ Bignonia ’ type. Subsequently an external cambium, with 
growth as in the stem, is formed in Phaenocoma, In Elytropappus^ Stoehe^ 
and Disparage the cambium zone formed round the original cylinder forms 
xylem inside and phloem as ‘islands’ in the cambium zone. The phloem 
islands continue differentiating centripetally. Later growth continues ex- 
ternal to them. 

The phloem in both stems and roots is lignified. This character is 
common to all members of the sub-tribes. 

It is suggested that the anomalous secondary growth arose in plants 
which were herbaceous in habit* 

Department of Botany, 

University of Cape Town. 
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Interaction of Factors in the Growth of Lemna. 


V. Some Preliminary Observations upon the Interaction of 
Temperature and Light on the Growth of Lemna. 

BY 

P. A. HICKS, Pi-i.D. 

{^Department of Plant Physiology a7td Pathology^ Imperial College of Science ^ Londonl) 

With an Appendix by Eric Ashby. 

With four Figures in the Text. 


I N the following experiments colonies of Lemna minor were grown at 
light intensities from 8o to 1,400 foot candles, and at temperatures from 
I ^ to 35*^ C. The apparatus used was that described by Ashby ( 1 ), in 
which colonies of Lemna can be grown at four different light intensities 
in one and the same nutrient solution, the temperature of which can be 
controlled to within 0-5'^ C. 

The measures of growth taken were frond number, area, and dry 
weight, and the technique employed was that already in use in this 
laboratory. In addition to these observations the respiration rate and 
chlorophyll content of fronds were followed throughout certain experi- 
ments. 

The aim of the experiments was to construct a ‘ surface ' on which 
should be recorded the relative growth rate of Lemna at any combination 
of light and temperature. In order to provide points for this surface, ex- 
periments were carried out under the following conditions : 


Expt. I. 15° C. light intensities: 350, 750, 1,000, 1,400, f. c. 

„ 2, 22-5® C. light intensities : 350, 750, i.ooo, 1,400. f. c. 

„ 3. 25° C. „ „ 350, 7 So» I.ooo, 1,400, f. c. 

4, 30° C. „ „ 3SO, 750, 1,000, 1,400, f. c. 


5. 35 ° C. 

6. 25*^ C. 

7. 22*5° C. 




35O5 750, 1.000, 1,400, f. c. 
80, 120, 180, £ c. 

IOO» 140, 210 , 2t;o, f. c. 


For two reasons the results obtained from these experiments must be 
regarded as tentative. In the first place, although every experiment was 
begun with a homogeneous population of fronds, the initial populations in 
the several experiments differed as to frond weight, frond area, and chloro- 
phyll content. While it is possible, therefore, to compare the frond area, 
frond weight, &c., at different light intensities in the same experiment, 

{Aanals of Botany, Vol. XUVIIL No, CXC, April, 1934.3 
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it is not legitimate to compare these values between experiments. In 
the second place it will be observed that there is only one value of the 
relative growth rate for each combination of light and temperature* The 
question arises as to whether an experiment at 15° in January can be coni- 
pared with an experiment at 30*^ in March. There is no accurate informa™ 
tion as to the reliability to be placed on a single experiment at any one 
temperatiirCj and this source of error has accordingly been neglected in 
discussing the following experiments^ An improvement in the technique 
of earlier work was made by continuing certain experiments for seventeen 
days. This procedure reduced considerably ' the standard error of the 
relative growth rates. 


Summary of Results. 

1. Frond number. The increase in frond number in Experiments i 
to 4 was exponential at all light intensities. The logarithms of frond 
number plotted against time fell conformably along straight lines. If 
regression equations are fitted to these straight lines, the regression co- 
efficients, which are the slopes of the lines, are a measure of the relative 
growth rates. The results of the experiments may conveniently be sum- 
marized by drawing up a table of the regression co-efficients under different 
conditions of light and temperature. The relative growth rates, under all 
conditions at which growth is exponential, can be gathered from the 
regression co-efficients set out in Table L 

Table I. 

Regression Co- efficients at Different Combinations of Light and Tempera ti/re. 


Light intensity 

- 

350 

750 

1,000 

1,400 

Temperature. 

15° 

S.E. 

0*03204 

0*04474 

0*04169 

0-03913 


0*00224 

0*00130 

0*00156 

0*00748 

22*5® 

S.E, 

0*08699 

0*09314 

0*10096 

0*07918 


0*00064 

0*00099 

0-00089 

0*00117 

25® 

S.E. 

0*09402 

0*11350 

0*12011 

0*12533 


O’OOIII 

0.00043 

0-00048 

0-00742 

30® 

S.E, 

0*08905 

0*12483 

0*13114 

0*12117 


0-00216 

0*00109 

0-00124 

0*00156 


It is clear that the growth of colonies of Lemna is exponential between 
15° and 30'", and between light intensities of 350 and 1,400 foot candles. 
In all experiments performed outside this range of light or temperature the 

^ In an attempt to estimate tlie reliability of a single experiment at any one temperature, a 
duplicate experiment was carried out at 15° C. three months after Experiment i. The relative growth 
fates did not differ significantly in the two experiments, but the standard errors in the second experi- 
ment were so large that the result cannot be considered coneksivm ■ 
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growth was not exponential, and the relative growth rate fell with time* 
The range of temperatures and light intensities in Table I may therefore 
be taken as a rough indication of the range of adaptation of Lemna^ 



except that there is no information as to the behaviour of this strain at 
intensities above 1,400 foot candles. 

From Table I the following conclusions can be drawn. Between if 
and %%-f the rate of increase of relative growth rate with temperature Is 
almost independent of the light intensity. The values of the regression 
co-efficients at each light intensity are plotted against temperature in 
Fig. I, and from the average slopes of the curves in Fig. i the temperature 
co-efficient of growth can be calculated. The value of is 1^-854. The 
optimum temperature for growth is in the region of 30° C 



FmNDS 


Li^ht Intensity (Foot. Candies) 

Fig. 2. Regression coefficients of growth curves at different temperatures plotted 
against light intensities. 
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The relative growth rate lacreases with light intensity to an optimum 
between i^ooo foot candles and 1,400 foot candles. At and at 30° 
the relative growth rate is significantly lower at 1,400 than at 1,000 foot 



candles. At 1 5° and at there is no significant difference in the relative 
growth rates at these two light intensities. This low light optimum for 
the growth of Lemna has already been reported by Ashby (2) for another 
strain. The optimum light intensity may differ for different temperatures^ 
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but the data to hand are insufficient to provide conclusive evidence on this 
point. In Fig, 2 are plotted the values for the regression coefficients at 
different temperatures against the light intensity, A combination of Figs, i 
and 2, give the light-temperature surface, and so far as the data are valid, 
they indicate that the optimum conditions for the growth of this strain of 
Lemna occur at 1,000 foot candles and 30° C. 

In Experiment 5, at 35° C., the relative growth rate fell with time at 
all light intensities. The curves of frond number, are plotted against time 
in Fig. 3, and it will be observed that even at this supra»optimal tempera- 
ture, light still has a significant influence on the growth of the colonics. 
At 350 and 730 foot candles the growth is not far short of exponential : at 
the higher light intensities the relation between frond number and time is 
more nearly parabolic. 

Experiments 6 and 7 were carried out in order to study the effect of 
low light intensities. Under all conditions in these experiments the relative 
growth rate falls rapidly in time. When the logarithms of frond number 
are plotted against the logarithms of time, a series of curves is obtained, 
some concave to the time axis and some convex (Fig. 4), These resemble 
the family of curves Gregory ( 4 ) obtained when cucumbers were grown at 
low light intensities. It is of interest that, although these light intensities 
are above the compensation point (which appears to be a little below 80 foot 
candles), they will not support the unrestricted growth of Lemna. 

%. Frond weight and frond area. The average values for frond 
weight and frond area, under the several experimental conditions, are set 
out in Tables II and IIL Since the various experiments were begun with 
fronds of different initial weights and areas, comparisons of frond weight 
and area between experiments at different temperatures cannot profitably 
be made. The values will, however, give some idea of the effect of light 
at any one temperature on the frond weight and frond area ; in other 
words, comparisons may legitimately be made horizontally in these tables, 
but not vertically. 


Table IL 


Average Frond Weights. 



Light intensity : — 

350 

750 

1,000 

1,400 

No. 
of ohs. 

Temperature. 





4 

if 

0‘io88 

0*1586 

0-1454 

0*1644 

8 

22*5® 

0*0993 

0-1162 

0*1301 

0*1170 

A 

25® 

0*0676 

0*0790 

0*1017 

o*iioi 

7 

30“ 

0*0560 

0*0775 

0*1046 

0*1097 

'6 

35“ 

0*0501 

0*0525 

0*0761 

0*0883 
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Table II L 


Average Fro 7 td Areas, 



Light intensity: — 

350 

750 

1,000 

1,400 

No. 
of obs. 

Temperature. 





4 


0*0401 

0*0418 

0*0447 

0*0433 

8 

22*5 

0*0453 

0*0452 

0*0471 

0*0436 

4 


0*0267 

0*0283 

0*0276 

0*0279 

8 

so"" 

0*0314 

0*0341 

0*0330 

0*0306 

6 

35° 

0*0264 

0*0260 

0*0263 

0*0254 


The frond weight, which is largely a measure of stored starch, increases 
with increasing light intensity up to 1,000 foot candles. That light has 
a positive effect on the frond weight, may be seen from an analysis of 
variance of the data of Table II given below (Table IV). 




Table IV. 




n — l. 

Sum of sq. 

Variance. 

z. 

Light . 

3 

0*005107 

0*001702 

1-37362 

Temperature 

4 

0*014364 

0*003591 


Errors 

12 

0*001308 

o*oooiog 


Total 

19 

o*Q 2 p 779 




A similar analysis of the data of Table III shows that at all tempera- 
tures in this Table, the frond area is independent of light intensity. It may 
be concluded, then, that within this range of light intensities, the intensity 
of light does not affect the final area of the frond, though it does of course 
affect the rate of increase of area. 

It has been established that within the range of exponential growth 
the frond area is independent of the light intensity. At light intensities 
between 100 and 250 foot candles, however, the frond area increases with 
increasing light intensity. An analysis of the areas in the experiment 
(Expt. 7) gives the following table : 




Table V. 


Light . 

Time . 

Error . . . ^ 

n-i, 

3 

2 

6 

Sum of sq. 
0*00001604 
0*00000215 
0*00000607 

Variance. z , 

0*000005347 1*982 

0*000001107 

O-OOOOOQIOX 

Total . 

II 

0*00002426 


The frond weight 

at low light intensities is independent of the light 


the probable explanation of this being that at light intensities from 100 to 
250 foot candles no starch is stored in the fronds., 

3. ChlorQpkyll content. In Table VI are assembled the average value? 
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for the chloropliyli content of loo fronds. It is clear that at every tempera- 
ture the chloropliyli content is highest at 350 foot candles^ and decreases 
progressively at higher light intensities. Table VI is bound by the same 
limitations as Tables II and III, in that comparisons may only be made 
horizontally, and not vertically. 


Table VL 

Average Chlorophyll Conte^it, 


Light intensity :• 

- 350 

750 

1,000 

1,400 

Temperature. 





22 * 5 ° 

0*033 

0*030 

0*028 

0*026 

25° 

0-024 

0*020 

0*017 

0 * 0 X 6 

30 ^=* 

0*043 

0*039 

0*035 

0*030 

35 ° 

0*014 

0*013 

0*013 

0*012 

From an inspection of Table VI it would 

be expected that the rate of 

carbon assimilation 

of Lemna 

was low at 35^ 

^ C., and lower at 1,400 foot 

candles than at 1,000 foot candles. A rough estimate of the assimilation 
rate maybe made by dividing the increase in carbon content for the period 
of an experiment, by the mean area and the time. This has been done, 

and the results are 

set out in 

Table VII, as 

the apparent assimilation in 

mg. COg per hour, per 100 cm^ 

frond area. 




Table VII. 



Light intensity :■ 

— 350 

750 

1,000 

1,400 

Temperature. 





15^ 

1*68 

4-36 

4*28 

3.70 

22*5® 

3*06 

3.05 

5*00 

2*92 


2*97 

4-48 

8*65 

8*70 


3.04 

2-34 

3*93 

4*62 

35 ° 

I- 3 S 

I-S 4 

x -53 

2*45 


Although the standard error of these figures is of the order of 25 per 
cent, there is clear indication of a lower assimilation rate at 35®, but no 
clear indication of a lower assimilation rate at 1,400 foot candles. 

At 15^ 22*5°, and fronds were removed from colonies at the 
different light intensities, and their respiration measured at C. by 
a method to be described elsewhere. The respiration rates, at C. of 
fronds grown at 15°, 22*5® and 25° did not differ significantly. The average 
value was 1*063 frond area. The average real 

assimilation rate at 25® therefore, is of the order of six times the respiration 
rate at that temperature. 

The work was carried out at the Imperial College of Science and 
'Technology, under 'the direction of Professor V. H. Blackman, to whom 
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I wish to record my thanks for unfailing interest and helpful criticism* 
I desire also to thank Dr. F* G. Gregory for helpful suggestions and 
criticisms and Mr* Unwin for preparing the graphs. 


Summary. 

I, Colonies of Lemna minor were grown in a nutrient solution of 
constant compositioiij and under the combinations of light and temperature 
detailed on page 516. 

n. The growth under these various conditions was analysed into 
increase of frond number, area, and dry weight. In addition, measurements 
were made of the chlorophyll content and respiration rate in certain of the 
experiments. 

3. The frond numbers in the colonies at i5°~30^ C., and 350 to 1^400 
foot candles increased exponentially for the periods of the experiments. 
The relative growth rates of these colonies can therefore be expressed by 
the slopes of the regression lines of the logarithms of frond number on 
time, i.e. by the regression co-efficients. These co-efficients can be com- 
bined to give a ‘ light-temperature surface ’ for the relative growth rate of 
the clone of Lemna under observation. 

4. Under the conditions of the experiments, the optimum relative 
growth rate of Lemna occurs in the region of 30° C. and 1,000 foot candles. 
The value of the temperature co-efficient for growth is Qio = ^2'854, 
Between if and the rate of increase of relative growth rate with 
temperature is independent of the light intensity. 

5. At 35*^0., and at light intensities below 350 foot candles, the 
relative growth rate was no longer constant in time, but fell off more or less 
rapidly. Nevertheless, at supra-optimal temperatures light still has a signi- 
ficant effect on growth, and at sub-optimal light intensities temperature 
still has a significant effect on growth. 

6. Within the range of exponential growth the frond area is inde- 
pendent of light intensity, and the frond weight increases with light 
intensity. 

7. At low light intensities, below the range of exponential growth, the 
frond area increases with increase of light intensity, and the frond weight 
is independent of light intensity. 

8. The chlorophyll content is at its maximum at 350 foot candles and 
at all temperatures decreases with increase of light intensity. 

9. The real rate of carbon assimilation in Lemna is of the order of six 
times the respiration rate. 
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APPENDIX 

BY 

ERIC ASHBY. 

In 1928 the writer carried out experiments on the interaction of light 
and temperature on the growth of Lemna between 300 and 1600 foot 
candles, and at temperatures ranging from if to 35° C. The technique 
employed was the same as that used by Dr, Hicks in 1930, and the data 
are therefore subject to the same reservations. 

Most of the phenomena described in the foregoing paper were en- 
countered in these earlier experiments, although the strain of Lemna used 
was different from that used by Dr. Hicks. Between if and 30° C. and at 
all light intensities from 300 to 1600 foot candles the growth rate of colonies 
of Lemna was exponential The frond area was independent of both light 
intensity and temperature, and the frond weight increased with light 
intensity. 

The 1928 strain differed, however, from that used by Dr. Hicks in the 
position of the optimum light intensity. In this earlier strain at all 
temperatures the relative growth rate was still rising at a light intensity of 
1600 foot candles* The behaviour of this strain in respect of frond number 
is summarized in the accompanying table, which may be compared with 
Table I in Dr. Hicks' paper. 

Regression Co-efcmits of Lines of Closest Fit when Logarithms of Frond 

Number are Plotted against Time, The Values are given over the 

Range within which Groivth remains ExponejitiaL 


Light intensity 
Temperature. 


300 

550 

750 

1,600 

17*5" c 

S.E. 

— 

0-0508 

0*00032 

0-0578 

0-00048 

0 0 
6 6 
0 

0 

28*8® C 

S.E. 

0 ’ 0 S 3 S 

0-00055 

0*0646 

0*00053 

0-0746 

o-ooo88 

0*0803 

0*00073 

25 - 7 ’ C. 

S.E, 

0-0706 

0^00056 

0*0963 

0-00073 

0*1004 

0*00093 

0-1070 

0*00121 

30'O°C. 

S.E. 

0*0937 

0*00086 

0*1236 

0-00135 

0*1304 

0*00154 

0*1363 

0*00172 


Subsequent work h^s verified the fact that different strains of femna 
have different light optima when grown under the same conditions of light 
and temperature. The light-temperature surface outlined by Di% Hicks is 
now being examined in greater detail for different strains oi Lemna. 
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I. Introduction. 

W HILE recent researches have thrown considerable light on the 
inheritance of a number of morphological characters in certain of 
the Asconiycetes — especially the work of Dodge (3), and of Lindegren (3^ 
4, and 5), on species of Neurospora — very little is so far known of the 
inheritance of such characters in the Agaricaceae, the large amount of work 
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which has been done on this group having been for the most part confined 
to a study of sex and incompatibility factors. Zattler (6), however, working 
with Schkophyllum commune and Collybia vclutipcs has investigated the 
inheritance of ' Knaiiel-Fruchtkdrper * in the former fungus, and that of 
mycelial colour in the latter. He has shown that the two types of fruit"* 
body of Schir^ophyllum depend on a single factor difference, the ‘Norniar 
being dominant to the ' Knauel-Fruchtkorper h and that in Collybia the 
colour of the haploid strains is conditioned by the presence of two pairs of 
factors. A preliminary examination of Copriims sphaerosporns revealed the 
presence of numerous morphological, as well as physiological differences 
between the various liaploids, and it was with a view to investigating the 
inheritance of the factors influencing these that the work was begun. The 
present paper is concerned chiefly with the interaction of the various 
haploid and diploid strains on one another, as well as with the effect of 
X-rays in inducing saltation. It is hoped to deal with the question of the 
inheritance of the various characters in a later paper. 

Source 01; Material. 

At Professor F. W. Oliveris suggestion, two sun-dried mud bricks 
which he had brought from the Lahun Pyramid, Egypt (a pyramid com- 
posed almost entirely of such material, and situated on the confines of the 
Fayoum) some three months previously, were broken up, and the material 
of which each was composed was placed in a box and watered, with the result 
that in a few days’ time the soil from one of the bricks was covered with 
mycelium which, in some two weeks from the time of its first appearance, 
gave rise to fruit-bodies of the Coprmus type. Spores from one of these 
fructifications w^ere taken and sown on malt-agar in a Petri dish where they 
germinated and gave rise to the diploid colony known as Strain A. 

The brick from which the fungus arose was an exposed one situated 
near the base of the Pyramid, and at a corner. A number of other bricks 
have since been taken from the same position, and also from a wall near 
the base of the Pyramid, but this fungus has not been again obtained. The 
fungus is not known locally either in the soil or as a contaminant in 
laboratory work. The bricks measured some 4 %x 2 < 2 Xi^ c hi, and were 
composed entirely of soil and chopped straw, the latter being i^^good 
state of preservation, despite the fact that the bricks are about 4,000 ^to^rs 
old. An inch or so of soil was removed from each face of the bricK' 
before they were broken up. Several weeks after the second lot of brick J 
had been collected their organic and water contents were estimated, with\i 
the result that they were found to contain on an average 4 per cent, of 
water, the extreme values being 3-5 and 4 *% per cent., and 57 per cent, 
organic matter, with extremes of 5-6 per cent, and 5*9 per cent* It is 
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probable that the amount of water in the bricks, when estimated, did not 
differ greatly from the content before removal from the Pyramid. 

It is worthy of note that the fungus, on its first appearance, became 
apparent over the whole surface of the soil at the same time, and that this 
has also been the case with certain fungi which have appeared on the other 
bricks. As it would have been impossible for the fungus to have spread 
from one point in the soil over the whole of the exposed area (some 50 x 
60 cm.) in the time available, the soil must have been inoculated in the first 
instance in a number of different places. 

The fungus is believed to be a new species of Coprinns, and a taxonomic 
description will be given elsewhere under the name Coprinus sphaerosporus. 


3. Experimental Procedure. 

Culture work was carried out in all cases on malt-extract agar (2 per 
cent, malt, % per cent, agar), unless otherwise stated. The temperature 
was maintained at 25° C. 

Single-spore colonies were obtained in two ways. In the first of these, 
spores were smeared on a glass slide and then lifted one at a time on the 
point of a fine needle and placed on .malt-agar to germinate. The alter- 
native method was to prepare a suspension of spores in sterilized water, 
which was then poured into a Petri dish containing solidified malt-agar, 
the surplus being instantly drained off. The spores were found to germinate 
very satisfactorily under these conditions. The resulting colonies w^ere 
examined under the microscope before being removed to a test-tube in 
order to be certain that each had originated from a single spore. After 
a little practice it was found possible to adjust the strength of the suspen- 
sion, so that on pouring the plates a small number of colonies was produced 
on each, with the result that each colony was well separated from its 
neighbour. The first colonies to arise were visible to the naked eye 
within twenty-four hours of the spores being placed on the medium, and 
practically all the spores which did germinate had done so within forty- 
eight hours. The colonies were transferred as they became visible, so that 
a later-germinating colony was not overgrown by one which had germinated 
earlier. By this means a representative sample of the different types of 
haploid was obtained. 

Growth-rates were determined by measuring the increase in diameter 
of a colony growing on malt-agar in a Petri dish. A cutter (Text-fig. i) 
was used to ensure that all inocula were of equal size. It consisted of 
a cylinder of hard steel with an internal diameter of 8 mm. turned to give 
a cutting edge at one end. This was attached to the handle of an inocu- 
lating needle by means of nickel chrome wire. The needle itself was also 
of nickel chrome wire, and was mounted in the holder beside the cutter. 
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Two holes were drilled in the holder to take the wires, and the end of the 
holder was sawn in tw-o in the plane of the holes. In the figure part of the 
holder is shown sectioned in the plane of the saw cut. The wires were 
held in place by a brass ring which was forced over the tapered end of the 





Text-fig. i. 


holder. This arrangement was found to be very satisfactory in use, as well 
as being more robust and easier to make than the more usual method of 
screwing the ring on to the holder. In use the cutting cylinder was pressed 
down into the medium as far as the top of the tapered portion and then 
withdrawn, leaving the disc of agar still in place. The needle was then used 
to cut the disc free and remove it. The needle was bent as shown to 
facilitate the extraction of inocula from narrow test-tubes. Mounting the 
cutter and needle on the one holder enabled both to be sterilized at the 
same time, and to be inserted into the test-tube or Petri dish together, 
thereby considerably reducing the chance of contamination, and appreciably 
curtailing the time required in effecting a transfer of medium. 

Petri-dish cultures were always employed for X-ray work. The colony 
to be irradiated was allowed to grow till it had reached the required size — 
in most cases till it had completely filled the dish — when the glass lid of 
the dish was replaced by one of celluloid and the culture exposed to the 
rays. Following irradiation a number of inocula were taken from the 
culture and placed each in a separate dish. Where a large number of 
cultures had to be X-rayed at the same time (such, for example, as the irradi- 
ation of 150 strains described in Section 8), a set of cells was prepared from 
celluloid cemented to a glass base, and the whole covered with a celluloid 
Hd. Each culture to be X-rayed was -placed in a different cell Only 
haploid cultures were irradiated, and as these produce no spores the chances 
of one colony contaminating adjacent ones were reduced to a minimum. 
No evidence of any such contamination was obtained. The X-ray tube 
used was of the Coolidge type, and was run at 90-100 K.V. with a tube 
current of 4 milliamps. The cultures were exposed at a distance of 30 cm. 
from the target, and were irradiated for three hours. Apart from the 
celluloid screen no other filter was employed. 

Saltants arising from X-rayed material were purified by the hyphal-tip 
method. ' 

The following scheme of reference to successive generations and to 
different strains has been adopted. The symbols F^, F^, &c., have been 
used in the ordinary sense, except that they apply to succeeding haploid 
generations in place of the usual diploid. The first diploid colony obtained 
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in pure culture is referred to as strain A, as already stated. The genera- 
tion of haploid colonies derived from basidiospores produced by strain A 
were numbered consecutively from i to 30 on being Isolated, and are 
referred to by these numbers. Saltants derived from any of these haploids 
were given a second number, thus 5,7 refers to saltant number 7 derived 
from strain 5. When two haploids A and B are paired two diploids may 
arise, one consisting of the cytoplasm and nuclei of A diploidized by the 
nuclei of B, the other consisting of the cytoplasm and nuclei of B diploi- 
dized by the nuclei of A. To distinguish these two in, for example, a cross 
between strain 5 and strain la, the symbol/ x will be used to represent 
the mycelium of 5 diploidized by 12, and 7^x5 to represent the mycelium 
of IS diploidized by 5, When no note has been made as to which diploid 
strain is in use, the symbols 5x1s or 12x5 are used indiscriminately. In 
the same way strain 5, diploidized by the diploid/ x 12, is represented as 
//jxia. 

4. General Cultural Observations. 

Coprhms sphaerosporus has been found to be very convenient for work 
on account of the readiness with which it fruits in pure culture. Strain A has 
been grown on dung, and on a mixture of dung and soil, and while it fruits 
readily on both of these media, it has been found more convenient during 
the course of these experiments to grow it on malt-agar. On the latter 
medium fruit-bodies are freely produced, whether the fungus is grown as 
a Petri-dish culture, or on a test-tube slope, the only difference being that 
in the former case the fruit bodies are on the whole larger than in the latter. 
Owing, however, to the greater freedom from contamination of the test- 
tube method of culture, this has been adopted throughout, except on rare 
occasions. Light was not found to be necessary for the production of 
mature fruit-bodies as is the case with C. lagopus. The above remarks 
apply to strain A. In the case of the other diploid cultures only the malt- 
agar slope method has been used, and as will be shown in Section 5, definite 
differences have been established for this medium in the degree of maturity 
reached by the fruit-bodies of the various strains. 

The frequency with which clamp-connexions are produced has been 
found to vary considerably from one diploid to another. In some strains 
they occur at practically every transverse wail, wdiile in others they are 
rare, and are only to be found with difficulty. 

While the haploid mycelia differ markedly from one another in their 
general appearance in culture, the diploids from whatever source they may 
be derived ai'e very similar, in that the aerial mycelium is relatively thin, 
and although the individual hyphae are grouped into thin rhizomorph-like 
strands (which is very rarely the case with the haploids), the surface in 
general has a very even density of mycelium. In some strains circles, bf; 
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mycelium, denser than that of the rest of the colony, arc found, e.g. in 
strain 7^x5 (PL Xf, Fig. 10), and in most cases fruit-bodies arise from the 
neighbourhood of these rings. The number of rings is generally five 
(PL XI, Pig. 13), in some cases, however, no rings are produced (PL XI, 
Fig. J i)» PTiiit-bodies, as well as arising from the rings of denser mycelium, 
also occur at the edge of the colony, and in not a few cases actually on the 
glass beyond the medium. Strain A has now been in culture on malt-agar 
for upwards of a year, and still fruits as freely as on its first appearance. 
No other diploid produces fruit-bodies as plentifully, and in most cases the 
spores liberated b}^ each fruit-body are much less numerous than with this 
strain. 

Thirty haploid strains derived from a fruit-body of strain A were 
selected at random and grown on horse-dung extract agar. On this medium 
the aerial mycelium was in all cases very thin. It was found possible, 
however, to separate the thirty strains into two groups in which the members 
of one group develop a more plentiful aerial mycelium than those of the 
second, the difference in the amount of aerial mycelium being greater in 
young cultures than in old. The former group contained thirteen and the 
latter seventeen strains. On malt-agar it was not found possible to effect 
a definite segregation of all the strains into two groups, as on this medium 
other differences between the individual strains became apparent, and 
tended to mask that of the amount of the mycelium. After the ihirt)^ 
strains had been paired {vide Section 5), it was found that the thick and 
thin types of mycelial growth were related to the pairing properties of the 
different strains, the aerial mycelia of the strains of one pairing group 
being more plentiful than those of the members of the other group. 
Actually of the thirty strains fifteen were found to belong to each pairing 
group, so that had the amount of mycelium been used as a criterion of 
pairing, only two of the thirty strains would have been placed in the wrong 
group. These were strains i and 7 which were placed in the ‘ thin- 
mycelial ^ group, whereas according to their pairing reactions they belonged 
to the group having a more plentiful aerial mycelium. 

5. The Results of Pairing Thirty Haploid Strains. 

Cultures each arising from a single spore of a fruit-body of strain A 
were segregated, and thirty selected at random. These were numbered 
I to 30 consecutively, and were divided arbitrarily into four groups, two of 
seven and two of eight cultures each. Each strain in any one group was 
then paired with all the other strains in the same group, and also one (or 
two, if necessary) strain from each group taken in turn was paired with all 
the strains of the following group. Pairing was effected by placing two 
inocula, one from each member of the pair, together in the same test-tube 
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and incubating at C. for three weeks. In this way the pairing properties 
of each strain were determined, and it was found possible to arrange the 
strains into two groups, each containing fifteen strains, on a basis of their 
positive reactions, i.e. the production of perfect fructifications. Strain i 
differed from the others, in that it did not give perfect fruit-bodies with any 
other strain, it did, however, produce fructifications when paired with 
strains 4 and 30, which were perfect except for the absence of spores, and 
has therefore been placed in the opposite group to that to which these 
strains belong. 

An examination of the cultures containing diploid mycelia revealed 
well-defined differences, in the readiness with which fruit-bodies were pro- 
duced, and in the degree of perfection attained by the various fructifications 
when formed. In the case of strain A the average test-tube culture pro- 
duced some six or seven fruit-bodies, nearly all of which matured and 
liberated a large number of spores. In the case of the above pairings, how- 
ever, while some of the cultures contained numerous mature fruit-bodies, 
others produced none at all on mycelia which otherwise appeared to be 
typically diploid. Intermediate stages were also of frequent occurrence, in 
that some strains gave rise to small sessile fructifications which never 
elongated their stipes, and the pilei of which never opened, ivhile others 
produced fructifications with long stipes but small undeveloped pilei. 
A third type which occurred more rarely than any of the others consisted 
of fruit-bodies which, while otherwise perfect, failed to give rise to spores, 


or only 

produced them very sparingly. 
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It was thought worth while to see if there was any regularity in the 
occurrence of these types between pairings of the various strains, and 
whether any correlation could be established to explain their appearance* 
To do this each of the fifteen strains of one group was paired with every 
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member of the other group, and the type of fructification noted in each 
case. The results are set out in Table I, in which the significance of the 
various letters which refer to the type of fruit-body is as follows : 

P represents a perfect fructification with long stipe, expanded pilcus, 
and plentiful black spores. 

A represents a fructification with long stipe and expanded pileus, but 
with very few, or more commonly, no spores. 

B represents a fruit-body with long stipe and unopened piieiis 
(generally very small). 

C represents a sessile fructification with small unopened pileus. 

Where no letter occurs in the table no fruit-body of any kind was 
produced. In the latter case the mycelium in nearly all cases showed 
strands of grouped hyphae, typical of the diploid, and on examination 
proved to have clamp-connexions, though in some cases these were very 
rare. Occasionally, however, an entirely negative result was obtained, the 
two haploid mycclia being present, together with no sign of diploidization 
having occurred. 

Where the fruit-body produced w’-as not perfect, and also when no 
fructifications occurred the pairing was repeated, and on a similar result 
being obtained, repeated a second time. In this way all the pairings repre- 
sented by the table, with the exception of the P’s, were carried out in 
triplicate. In most cases the results were not affected by repetition, but 
where a different result v/as obtained, the most perfect fruit-body produced 
has been quoted as representative of the pairing. 

The numbers of pairs found in each of the five groups were as follows : 
55 in group P, 15 in group A, in group P, 28 in group C, and the 
remainder, namely 98, with no fructifications. 

It appeared possible that the failui'e to mature perfect fruit-bodies in 
some pairings might have been due to some change in the haploids during 
the time they had been in culture before the tests were completed, a period 
of some four months. In order to see if this was the case a number of 
pairings which had originally given perfect fructifications were repeated 
about eight months after the haploid strains had been segregated or four 
months from the time the last pairings had been made. Altogether eight 
repeat pairings were made and in each case mature fruit -bodies were pro- 
duced, so that there is no reason to believe that failure to pair in the first 
place was due to deterioration of the fungus in pure culture, 

6. Description of Various Haploid Strains. 

The thirty haploid strains differed from one another both in appearance 
and growth-rate. While some formed a loose textured aerial mycelium 
others produced a closely woven weft of hyphae. In some cases the aerial 
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mycelium was very freely formed, while in others it was scanty. These four 
characters, combined with the evenness or otherwise with which the 
mycelium was produced on the surface of a colony, gave rise to many 
different morphological types. The following descriptions are of typical 
examples of the various types of colony obtained. 

Strain 4 (PI. XI, Fig. i) was characterized by a thin aerial mycelium 
of a fairly uniform distribution. Strain 1% (PL XI, Fig, 3) produced 
a plentiful aerial mycelium arranged in very regular concentric zones. 
Strain (PL XI, hg. 5) had a thin and very evenly disposed young 
mycelium over which in the older parts of the colony a thick mycelium 
spread itself irregularly. Strain 13 (PL XI, Fig. d) produced an evenly 
dense and closely compacted mycelium with a narrow band of thin mycelium 
at the edge of the colony. In strain 18 (PL XI, Fig. 6) the aerial myce- 
lium was freely produced and was characterized by its occurrence in broken 
concentric zones of denser mycelium, giving a very characteristic ‘ dappled * 
appearance to the colony. Strains 5, 8, and 10 (PL XI, Figs. 9, 8, and 4 
respectively), were all rapid growers and in each case produced an even 
aerial mycelium. In strain 8 the mycelium was relatively thin, in 10 
somewhat more plentiful, and in 5 very freely produced. A characteristic 
of strain 5 is the production of a peripheral band of very thin mycelium, 
generally about o- 5 cm. wide. 

Of those strains in which the aerial mycelium is not evenly disposed 
over the surface of the colony two types can be distinguished. The first 
of these consists of those in which broken or entire concentric zones of 
denser mycelium occur, as in strains 18 and 23. Various degrees of broken- 
ness of the zones were found, some strains having almost entire zones, e.g. 
strain 12, while in others they were broken up very completely. Seven 
strains of the thirty examined showed this zoning effect, three belonging to 
one pairing group and four to the other. In the second type of mycelium 
with irregular distribution no zoning of any form was found, strain 21 is 
typical of this group. 

Some strains excreted drops of a yellowish-brown liquid in the older 
parts of the colony, two such drops are to be seen in strain ai (PI. XI, 

5)* a strains chlamydospore-iike bodies were found, these arise 
at the margins of old colonies, but are not of frequent occurrence. 

7. Growth Rates of Various Strains. 

The growth rates of the various strains are represented in Text-figs. 3 , 
3, and 4, in each of which the ordinate represents the diameters of the 
colonies while the abscissa is divided into units each representing one day. 
Measurements of each strain were begun on the second day from the time 
of planting and were carried out on each succeeding day (or part of a day 
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ill some cases). In order to avoid confusion of the different lines in each 
figure the first measurements of about half the strains have been placed 



T/ME IN OAYS 
Text-fig. 3. 


one time division to the right of the remaining strains, and similarly with 
succeeding measurements. Thus, in Text-fig. for example, measure- 
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ments of strains 8, 13, 33, and 8,3 are situated one unit to the right of 
those of strains 5, 13, 5,7, and 3 of the same age. 

The expel imei^ts were carried out in quintuplicatCj each point on the 
graphs representing the mean of the diameters of five colonies. 



T/WE m DAYS 
Text-fig. 4. 


(a) Haploid. 

The growth rates of strains 5, 13, 8, 3, 13, and 23 are shown in Text- 
fig. 2, and it will be seen that they exhibit a wide range, strain 5, for 
example, growing nearly 2-5 times as fast as strain 23. Some of the 
growth rates are relatively constant from day to day as, for example, that 
of strain 5, while others show an initial increase in the rate followed later 
by a decrease. None of the strains have shown strong staling tendencies 
on malt- agar, though it is not unlikely that the dappled appearance of 
certain strains Is a result of mild staling in a special form. 

Cultures represented in Figs, i to 6 of Plate XI are approximately of 
equal age and show some variation in growth rate. The culture in Fig, 8 
is somewhat older than these and that of Fig. 9 younger. 

{h) Diploid. 

An examination of Text-fig. 3 reveals a striking similarity between 
the growth rates of the various diploid strains despite the range in the 
giowth lates of the haploids from which they have arisen, and a comparison 
of Text-figs. 2 and 3 shows that the diploids have a much greater growth 
rate than any of the haploids. 
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A comparison of the growth rates of the two diploids arising from 
each pair of haploids reveals very little difference between them. Strain 
X ^ has a growth rate almost Identical with that of 5 x 23, and similarly 
with the diploids jxi 3 and 12x5, 5 x 13 has a growth rate slightly 

greater from the third day onwards than ij xS and J x 3 is a little faster 
than i X 5. In each case the faster strain arises from the diploidization of 
the faster by the slower of the two haploids. In view, however, of the 
smallness of the difference, and taking into consideration the identity of the 
growth rates of the two diploids arising from each of the other two pair- 
ings, there is no reason to believe that the difference in the growth rates of 
the two diploids arising from the union of two haploids is significant. 

The average of the growth rates of strains 5x13 and x 8 is almost 
identical with the mean of the growth-rates of 5 x 23 and 2j x 8 and also of 
j X 5 and y x 3. These average growth-rates are slightly greater than the 
growth-rates of the diploids of the 5x12 pairing, though the growth-rates 
of both 5 and 12 are greater than are those of any of the other Iiaploids; 
In view of this there does not appear to be any positive correlation between 
the differences in the growth-rates of the various haploids and the growth- 
rates of the diploids to which they give rise. 

8. The Effect of Treatment with X-Rays. 

In general the different strains of this fungus have exhibited little or 
no variation, saltation having been observed in only a few of the haploids 
and in none of the diploids. On subcuituring the stock haploid strains 
after they had been in culture some six months it was observed that two 
strains had altered in character. Each had given rise to a dense hyphal 
mat lying close to the surface of the medium, while originally both had 
produced a relatively loose and plentiful aerial mycelium. Three months 
after the change had been first observed each strain was found to have con- 
tinued true to its new form. 

The stability of the fungus under the influence of X-rays was tested, 
fifteen strains being irradiated, seven of which belonged to one pairing group 
and eight to the other. Wide differences were found to exist in the relative 
frequency of saltation of the different strains. The saltants arose in all 
cases as sectors of varying shapes, arising in some cases at the centre of the 
colony, while in others they only appeared when the culture had reached a 
a diameter of several centimetres. In some strains, such as 5 and 10, 
saltants w^ere found in every plate, while in others, e.g. 12, 15, and 21, none 
were produced. The majority of strains produced various types of saltant. 
Some saltants had a denser and some a thinner aerial mycelium than the 
, parental type. lii a number of cases the growth-rate was greater than that 
; of the parent, with the result that the arms of the sector curved away from 
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one another ; in others the growth-rate was smaller, so that the parental 
mycelium gradually surrounded the saltant (in the latter case the slow 
growth-rate of the saltant must have been a secondary effect, probably due 
to staling in some form, as otherwise it would not have been able to esta- 
blish itself in the first instance). 

Strain 5 was remarkable in two ways. In the first place, it gave rise to 
diploid saltants in about half the plates, as well as to the usual haploid 
ones (this was verified on three separate occasions), and, secondly, the 
general appearance of the non-saltated part of the colony was altered. 
The diploid saltants ai'ose as rapidly growing sectors, with the result that 
the lines of junction of the saltant with the parental mycelium curved away 
from one another on each side of the saltant (PL XI, Figs. 12 and 14). The 
mycelium of the diploid saltants was of the typical diploid type covering 
the surface of the colony evenly and with hyphae arranged in radial rhizo- 
morphlike strands (PL XI, Fig. 15). The fruit-bodies were very freely 
produced, arising in well-defined rings,but they never developed to maturity, 
a stout stipe being generally produced surmounted by a small undeveloped 
pileus. The single ring of fruit-bodies shown in Fig. 15 is very typical of 
this strain and generally arose at about the same position in every culture. 
Clamp connexions were produced in the diploid saltants. Following X-ray 
irradiation the unsalted mycelium was much less plentiful than that of an 
untreated culture (compare PL XI, Fig. 9, with Figs. 12 and 14). Sub- 
cultures of this mycelium were made; and during three transfers extending 
over a period of a month it was found gradually to recover until it had 
completely regained its former appearance. Such an alteration in the 
appearance of unsaltated mycelium was not observed in any of the remain- 
ing fourteen strains which were irradiated. 

In Text-fig. 2 the growth-rate of the haploid saltant 5,7 is given, 
which shows it to be considerably less than that of 5* In the same figure 
the saltant 8,3 shows a similar relationship to its parent, strain 8. In 
Text-fig. 4 the growth-rates of strain 5 and those of its two diploid saltants 
5,4 and 5,6 are given, and it will be seen that while both saltants have a 
similar growth-rate they grow more slowly than their haploid parent. This 
is in marked contrast to the behaviour of normally produced diploids in 
which the growth- rate is very much greater than that of the haploids. As 
already stated, the diploid saltants must grow more rapidly than their 
parent on their first appearance as otherwise the arms of the saltant sectors 
would not have diverged from one another at an increasingly larger angle. 
It must therefore be concluded that not only was an alteration in the 
appearance of the non-saltating portions of 5 produced by X-rays, but that 
the growth-rate was slowed down as well. 

An attempt was made to discover whether the capacity of produc- 
ing diploid saltants was inherited. Strain 5 was paired with Und 15® 



540 Dickson . — St7id{es m Coprmtts spkaerosporns. /, 

single-spore colonies obtained from the resulting fruit-bodies. The 150 
strains were irradiated and each was siibcultured on to 5 Petri dishes or large 
test-tube slopes. None of the resulting 750 colonies had diploid sectors, 
though haploid ones were freely produced. It must therefore be concluded 
that the capacity to produce diploids is either not inherited, or else a number 
of factors are concerned in its inheritance. 

9. The Results of Various Pairings. 

(a) Haploid with Haploid. 

In order to see whether the two diploids produced on the union of 
two haploids gave rise to fruit-bodies reaching a similar degree of maturity, 
six pairings were made as follows : 3 x 5, 5 x 12, 4 x 8, 8 x 13, 8 x 23, and 
4 X 21. The first two of these produced perfect fruit-bodies on each of the 
four diploid mycelia, thus in the case of the cross 5x3, strains/ x 3 and 
i X 5 gave rise to perfect fruit-bodies and similarly with the other pairing. 
The crosses 4x8 and 8 x 23 each produced one diploid which gave perfect 
fructifications and one with imperfect ones. 8x4 and 2j x 8 gave perfect 
fructifications while 4x8 and 5 x 23 were imperfect in that in both cases 
the most mature fruit-bodies consisted of a short stalk and small unopened 
pileus. None of the four diploids from the pairings 8x13 and 4x21 
yielded perfect fructifications. In the case of each pairing the two diploids 
produced fruit-bodies reaching a similar degree of perfection, the 8 x 13 
fructifications consisting of a stipe and a small unopened pileus, and those 
of the 4x21 cross of a stipe and opened pileus which, however, produced 
no spores. 

In order to ascertain the pairing properties of the various saltants 
obtained by treatment with X-rays three saltants were selected on the 
grounds that each should show the greatest possible divergence from its 
parent. The three saltants selected were 352, 5 > 7 » 8,3, each of which 

has a much less dense aerial mycelium and a slower growth-rate than its 
parent. PI. XI, Pigs. 7 and 9 show the types of growth of the saltant 5,7 
and of its parent strain 5 respectively. Each saltant was paired with two 
strains with both of which its parent produced perfect fructifications. Thus 
3,2 was paired with 6 and 7, 5,7 with 3 and 12, and 8,3 with 4 and 23. 
With the exception of x 3, both strains of each pair produced diploid 
mycelia. In the case of 5,7 x 3, strain 3 became diploidized while 5,7 
remained haploid. The types of fruit-bodies produced by the different 
strains are tabulated in Table II, from which it will be seen that fewer of 
the diploidized saltants produce perfect fructifications than is the case of 
the diploidized non-saltated strains. 

When two haploids are paired together it was found that there is a con- 
siderable difference in the readiness with which one member is diploidized 
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by the other. Four pairs were examined from this point of view and it 
was found that in general one mycelium is diploidized shortly after the 
two colonies meet, whereas the second is not affected till several days later. 
Of the eight strains examined the member of each pair which had the 
thinner aerial mycelium (and in the particular cases, a slower growth-rate), 
was in each case the first to be diploidized. Another difference was that 
the first strain to be diploidized was affected at numerous points all round 
the periphery at about the same time whereas the other member of the pair 
became diploid at only a few scattered points. The variation in the period 
from the planting of the two strains till the diploidization of the strain, 
which was the slower of the two in becoming diploid, was considerable. 
For example, in the cross 8 x ^3, 8 was always the last to be diploidized. 
In four out of five plates of this cross, all of which were the same age, strain 
8 was still haploid and had an average diameter of 6* i cm., whereas in the 
fifth plate 8 had been diploidized when only 3 cm. in diameter. 




Table 1 1. 



Pairing. 

Strain. 

Fruit-bodies. 

Strain, 

Fruit-bodies. 

8,3x4 

8,5 

imperfect 

4 

imperfect 

8,3 X 23 

8,3 

imperfect 

23 

perfect 

3,2 X 6 

3,2 

perfect 

6 

perfect 

3,2 X 7 

3,2 

perfect 

7 

perfect 

5,7 X 12 

5.7 

imperfect 

12 

imperfect 

5,7x3 

5.7 

not diploidized 

3 

perfect 


A comparison of the mycelial characters of the pairs of diploids pro- 
duced by pairing various haploid strains has shown that it is impossible to 
separate one member of each pair from the other, thus, for example, 5 x 23 
is indistinguishable morphologically from X 8. It was found, however, 
that there are well-defined and constant differences between the diploids 
resulting from one pair of haploids and those derived from another. Thus 
it w’^as found that in those strains in which rings were produced, namely, 
8 X !^3, 5 X (PL XI, Fig. 10), and 3x5, although the number of rings was 
the same in each case, there was a difference in the definition of the rings 
between the several pairs, some having more clearly marked rings than 
others. The amount of colour produced in the older parts also showed a 
small but definite difference, in this respect 8 x 123 was the most coloured 
and 5x1!:^ the least The four diploids of 8x13 (PL XI, Fig. ii), and 
4 X izi were different from the remainder in that no rings were produced in 
any case and there was no colouring of the mycelium. As these two 
crosses do not produce perfect fruit-bodies, whereas the remainder do so, 
and since fruit-bodies are in general associated with the rings, it is possible 
that there is some connexion between these two facts. 
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(b) Haploid ivith Diploid, 

In order to test the reaction of a diploid strain on a haploid one, eight 
haploid strains were taken and combined to give four pairs, each of which 
in turn gave rise to two diploid strains. Every diploid was then paired in 
turn with the two haploids from which it had been derived in the first 
place, and the latter were examined to see whether they in turn were 
diploidized. For example, strains 3 and 5 were paired and gave rise to the 
diploids J X 5 and / x 3, each of which was then paired with 3 and 5 in turn. 
It was found necessary, owing to the slower growth-rate of the haploids, to 
plant them some time before the diploids with which they were to be 
paired. It was found in all sixteen cases that the haploid strain was 
dipioidized by the diploid one, so that in the above example, for instance, 
the four diploids y/f x 3,//^ x X5, and jlyx$ were produced. 

Differences were observed in the reactions of the various strains with 
one another. In all cases the diploid owing to its greater growth rate 
spread itself round part of the circumference of the haploid. In the 
majority of cases the complete surrounding of the haploid was prevented 
by its becoming diploid at numerous points along the free circumference, 
the points growing out to form small fan-shaped sectors before their 
different mycelia fuse to form a more even edge to the colony. In a few 
cases, e.g. 2j/S x however, the diploidization of 2,^ started at its point of 
contact with 8 x ^^3 and proceeded regularly from this point round its 
periphery. The two diploid mycelia Sx and 25/8 x were identical in 
appearance and had similar growth rates. It was found, however, that the 
distance from the point of inoculation of 8x23 to the most advanced point 
in the diploidization of 2$ was greater than the radius of 8 x 123 where its 
advance was not affected by the presence of or 25/8 x 2,^, It therefore 
appears that the diploidizing effect spreads more quickly than the resultant 
diploid grows. 

The appearances of the pairings 2^18 x ^3 and x 8 were identical, 
as also were 818x2^ and 8/2yx8. The results of pairing 8 with ^^3 x 8 
were, however, different from those arising from the 2^ by i^3 x 8 cross. 
When 2^3 was the haploid it gradually became diploid round the circumfer- 
ence, starting from its point of contact wdth 8 x 2^ as already described, 
when 8 was the haploid, however, diploid mycelia first appeared at various 
points on its free circumference and only joined up with another and with 
the original diploid later. These relationships were found to hold good 
with other strains, so that where a haploid is paired with a diploid it is the 
haploid which determines the type of the reaction and not the diploid. 

In the above examples it was found that in all eight cases a haploid 
could be dipioidized by another colony the product of itself dipioidized by 
another strain. In the case of the diploid saltants 5;4 ^-nd 5,6, however, 
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they were not found to be able to diploidize their parent^ strain 5« Each 
saltant was paired with 5, 3, and (five pairs with 3 and producing 
perfect fruit-bodies in each case), and after a period of growth each culture 
was examined to see which of the hapioids, if any, had been diploidized. 
In the four cases resulting from the union of 3 and with the two diploid 
saltants taken in turn it was found that both 3 and 12 had become diploid 
and had produced perfect fruit-bodies. The two myceiia in each of the 
pairings 5,4 x 5 and 5,6 x 5 had no apparent effect on one another, the two 
hapioids remaining haploid- The diploids 12x5,4 (PL XI, Fig. 13) and 
12x5,6 were identical and similar to 12x5. In the same way jx5,4, 
5 X 5,6, and J X 5 were identical (3x5 differed from 12x5 in that the rings 
of denser mycelium were better defined and there was a more intense 
coloration of the mycelium). 


10. Discussion. 

Since the brick must have been inoculated with the fungus at a number 
of different places, and as Coprinus sphaerosporiis is unknown as a local con- 
taminant, it appears certain that the brick was already infected when 
obtained from the pyramid. How long the fungus had been present in the 
brick, in what form it was present, and in what manner infection occurred 
in the first instance remain, however, open questions. 

Strain A has never been cultivated from a single hyphal-tip, so that it 
is net known whether it consists of a single diploid mycelium derived from 
the union of two spores, or whether it is a mixture of such myceiia. 
Several diploids each derived from the union of two hapioids have been 
examined, and each was found to yield spores which gave rise to colonies 
differing from one another in the characteristics of their aerial myceiia and 
in growth rate. In this respect therefore strain A is comparable with any 
experimentally produced diploid which has been examined. It differs, 
however, from any other diploid in the extreme freedom with which sporo- 
phores are produced, and should it be composed of a mixture of different 
diploids its high fertility might be the expression of an increased vigour 
resulting in some way from such a mixture. On the other hand, it may 
well be that the fungus is becoming weakened by cultivation on artificial 
media, and that this process is more rapid in the haplo- than in the diplo- 
phase (in support of which it may be pointed out that the hapioids produce 
saltants occasionally, whereas none of the diploids have been seen to do 
so). If this were so, then all the diploids might be expected to show less 
vigour than strain A, as this is the only one not derived from hapioids 
grown in pure culture. 

It has been possible to arrange all the haploid myceiia examined in 
two groups so that any member (with the exception of strain i) of one 
group produces perfect fruit-bodies with one or more members of the other 
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group. In addition to the production of perfect fructifications, several types 
of imperfect sporophores are formed on pairing certain members of the 
opposite groups* Altogether 6o intra-group pairings have been made, and 
ill no case have sporophores or a diploid mycelium been produced. Pair- 
ings within the groups were carried out at random and, while far from 
complete, they indicate that the strains of either group are almost certainly 
sterile when paired together. The unpaired haploids have also during 
nine months’ culture proved to be completely self sterile. The arrangement 
of the haploids into two groups on a basis of their pairing properties is to 
be correlated with their segregation into two (practically) identical groups 
on morphological grounds, the strains of one pairing group being found to 
possess a more plentiful aerial mycelium than those of the other. While 
the pairing properties combined with the mycelial characteristics of the 
haploids indicate a single factor difference for these characters, an attempt 
to explain the production of various degrees of imperfection in the fructifi- 
cations on a factorial basis has been unsuccessful. While it appears 
reasonable to regard the single factor associated with the pairing properties 
and mycelial production as a sex factor, an adequate interpretation of the 
several degrees of fertility exhibited by the various diploids is at present 
impossible. If sterility (or incompatibility) factors are present in addition 
to the sex factor and are responsible for the variations in the degree of 
fertility exhibited in certain cases, they must be numerous (too numerous to 
be capable of analysis from the available data) and must affect not only the 
degree of fertility of the diploid when formed, but must also, in those cases 
in which the diploid was not produced, condition the fusion of the haploids. 

The two diploids arising from the union- of two haploids ai‘e exactly 
similar morphologically and have in most cases the same growth-rate, 
although in others the diploidized faster haploid may spread a little more 
rapidly than the diploidized slower one. The two haploids resulting from 
each of certain pairings, however, have been found to give rise to sporo- 
phores which reached different degrees of maturity. For example, 5x4 
produced perfect fruit-bodies whereas ^ x 8 gave rise to imperfect ones. In 
cases such as these the different types of reaction must be due either to a 
difference in the cytoplasm or to a difference in the nuclear content of the 
two diploids. Since the nuclei of both diploids are derived from the same 
haploids and presumably retain their identity unchanged in the diplo- 
phase, the only possible difference between the nuclei of the two diploids 
appears to lie in the relative numbers of nuclei from each haploid. Whether 
such a difference exists, or whether all the nuclei of a diploid occur in pairs, 
one member of each pair being derived from one and the other from the 
second of the two haploids is not known. 

Diploids arising from the union of different haploids are dissimilar to 
/Ope'" another in appearance,, they have, however, almost identical growth- 
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rates irrespective of the growth-rates of the liaploids from which they were 
derived. This anomaly would be explained if the factors controlling 
growth-rate in the diplo-phase were not the same as those responsible for 
rate of spread in the liaplo-phase, and if all the liaploids carried the same 
factor or factors controlling growth-rate in the diploid. An alternative 
suggestion is that the stimulus following fusion and the production of the 
diplo-phase is such that the influence of the growth-rate factors supplied 
by the haploids Is only of secondary importance, and may be responsible 
merely for such small differences as have been observed in a few cases 
between one diploid and another. The greatly increased growth-rate of the 
diplo-phase over that of the haploid lends support to the latter hypothesis. 

As described in Section 9 (^), when two liaploids meet they are not as 
a rule diploidized at the same time or in quite the same manner. In all 
the cases examined it is noteworthy that the strains which were the first to 
become diploidized belonged to one sex and had a thinner aerial mycelium 
^and slower growth-rate than those which became diploid later on. In 
Section 9 {b)^ where diploids were paired with haploids two types of 
reaction are recorded. Buller ( 1 ), in his experiments on C. lagopus^ found 
that he got two different results when he made ‘ legitimate ’ and ‘ illegiti- 
mate ’ pairings between haploids and diploids. In the former case {e.g. ivhen 
he paired the haploid {ab) with the diploid (AB) + (ab ) ), he found that the 
haploid became diploidized regularly all round its circumference, whereas 
on making an ‘illegitimate’ pairing, such as {ab) with {Ab)^{aB) the. 
haploid was in some cases diploidized only part of the way round its 
circumference, while in others, although it became diploidized all round, the 
diploid mycelium occurred irregularly in patches. In the present instance 
it is not possible to form ‘ illegitimate ’ pairings as there are only two sex 
groups and both types of reaction would belong to the ‘ legitimate * class. 
It is of interest, however, to note the two types of behaviour which occur, 
in each fungus, although it is impossible to make a satisfactory comparison 
of one with the other. 


II. Summary. 

The fungus was obtained from a sun-dried mud brick taken from the 
Lahun Pyramid in Egypt, and is believed to be a new species. ’ 

Thirty haploid mycelia were obtained from spores derived from a fruit- 
body produced by strain A — the first strain to be obtained in pure culture: 
These differed widely from one another in both morphology and growth- 
rate. On pairing the haploids each was found to belong to one or other of 
two groups of which every member of one group produced fruit-bodies with 
one or more members of the other group. Half of the thirty strains belonged 
to one group and half to the other. 

While some of the diploids produced by the union in pair$ of the 
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different haploids gave rise to perfect fruit-bodies, the majority produced 
only Imperfect ones, and in some cases no sporopliore was formed at alL 
In certain instances also no diploid mycelium was produced on pairing 
haploids from the opposite pairing groups. It is considered that the two 
pairing groups are due to a single factor difference, but the evidence is not 
sufficient to show whether the various degrees of sterility exhibited are due 
to the presence of incompatibility factors and, if so, how many such factors 
are concerned. 

Measurements are given of the growth-rates of both haploid and 
diploid strains, and it is shown that while the various haploids exhibit wide 
differences in growth-rate the diploids, irrespective of their origin, are very 
uniform in this respect, and have a rate of spread much greater than that 
of any of the haploids. A comparison has been made between the two 
diploids arising from the union of two haploids, but while they are found 
to be practically identical in both growth-rate and appearance, in some 
cases one gave rise to perfect fruit-bodies and the other to imperfect ones. 
It is concluded that the difference in the degree of perfection of the 
fructifications must be due either to the influence of the cytoplasm, or that 
the relative numbers of nuclei supplied by the two haploids must differ in 
each of the diploids produced by their union. 

A description is given of the several types of diploid mycelia produced 
by the union in pairs of the different haploids. 

Saltants arising as a result of X-irradiation are described and their 
fertility when paired with unirradiated haploids recorded. Strain 5 was 
found to be unique in that it gave rise to diploid saltants following irradia- 
tion; these produced imperfect fruit-bodies, and the mycelium, although 
morphologically similar to that of a normally produced diploid, had 
a considerably smaller growth-rate. To examine the inheritance of this 
X-ray effect strain 5 was paired with strain lij, and 150 single-spore colonies 
derived from spores produced by the resulting diploid were X-rayed, but 
in no case were diploid saltants produced. 

On pairing one haploid strain with another a difference was found in 
the rapidity and manner with which each became diploidized, and it was 
established that the strains of one sex were generally diploidized earlier 
than those of the other. 

Two types of reaction between a haploid and a diploid mycelium are 
described, in one case the haploid becomes diploidized regularly round its 
periphery, starting from the point of contact with the diploid, while in the 
other the haploid gives rise simultaneously to diploid mycelia at numerous 
points along its free circumference. 

I have very great pleasure in thanking Professor F. W. Oliver not 
only for providing the material from which the strain of C sphaerosporus 
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was obtained but alsO' for his advice and unfailing help throughout the 
course of the experiments. 
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EXPLANATION OF PLATE XL 

Illustrating Dr. Hugh Dickson’s paper on * Studies in Coprimis sphaerosporus. I. The Pairing 
Behaviour and the Characteristics of Various Haploid and Diploid Strains \ 

The photographs were taken by reflected light only. 

Fig. I. Strain 4. This strain has a thin aerial mycelium which is comparatively uniformly 
distributed over the surface. 

Fig. 2. Strain 13. The mycelium in the centre of the colony is very dense and evenly 
disposed. There is a narrow band of thin mycelium at the edge. 

Fig. 3. Strain 12. The aerial mycelium is very plentiful and is arranged in regular concentric 
zones. 

Fig. 4. Strain 10. The mycelium is very freely produced, has a loose texture and is evenly 
disposed. 

Fig. 5. Strain 21. This strain has a thin and very even young mycelium which is later 
covered by an irregular thick mycelium which excretes drops of a yellowish brown liquid. 

Fig. 6. Strain iS. The freely produced aerial mycelium is arranged in broken concentric 
zones giving a ' dappled ’ appearance to the colony. 

Fig. 7. Strain 5,7. This is a haploid saltant of strain 5 and has a much thinner mycelium 
and slower growth-rate than its parent. 

Fig. 8. Strain 8. This strain has an evenly produced thin aerial mycelium. 

Fig. 9. Strain 5. The aerial mycelium is dense and plentiful in the centre of the colony. A 
peripheral band about 0*5 cm. wide consisting of very thin hyphae is a characteristic of this strain. 

Fig. 10. Strain jax 5. This culture has given rise to two perfect fruit-bodies and numerous 
undeveloped ones can be seen arising generally in the neighbourhood of concentric zones of more 
plentiful mycelium. 

Fig. II. Strain 5x13. This strain is typical of the diploid type which does not give rise to 
zones of more plentiful mycelium. 

Figs. 13 and 14. These colonies have arisen from inocula taken from an X-rayed culture of 
strain 5. A saltant sector can be seen in each. The saltants are diploid and have given rise to 
imperfect fructifications round the edge of the dish. The non-saltated mycelium is much thinner 
than is that of a colony which has not been irradiated (compare fig. 9). 

Fig. 13, Strain 12 x 5,4. This diploid has arisen from strain 12 diploidized by the dipldid 
saltant 5,4. It is very similar to strain 2^x5, fig, 10. 

Fig. 15. Strain 5,4, This is a purified culture of the diploid saltant 5,4, Note the imperfect 
fruit-bodies arising from the single zone of dense mycelium. 
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I. Introduction. 

A n outstanding characteristic of the tetraspore-bearing Florideae, which 
L have been investigated cytologically, is a regular alternation of haploid 
and diploid plants, with the accompanying moi'phological alternation of 
plants bearing sexual organs with those bearing tetraspores. In additioHy 
the formation of tetraspores in such species is invariably associated with a 
reduction division. Svedelius (24) has given the name diplobiontic to 
this type of life-cycle, and while it seems likely that the majority of the 
tetraspore-bearing Florideae are diplobiontic, the recent researches on 

^ The material used in this investigation belongs to the species, recognized by American writers 
as Sprmothmmiion Ttirneri (Mert.) Aresch. In using this name, the writer does not imply tliat it 
is identical with the European material for which the same name or a synonym is used* Other 
questions as to whether differences between -S'. TumeH (Mert.) Aresch. and S. roseolum (Ag.) 
Pringsh. are of specific rank and as to the claims of the name S. repens (Dillw.) K. Rosenv. are left 
on one side for the time being. 
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Phyllophora Brodiaei (19, 2) and Gymnogongrus Griffithsiae (5), show that 
exceptions exists In addition, the absence of sexual plants in some species, 
the preponderance of tetrasporic plants in others, and the occurrence of both 
tetrasporangia and sexual organs on the same individuals of other Florideae, 
are facts which suggest that possibly further modifications of this typical 
life-cycle occur, and in any case they need elucidating. 

In view of this, a cytological investigation of Spermothanmion Tnrneri 
(Mert.), Aresch., as an example of a species in which tetrasporangia and 
sexual organs commonly develop on the same plant, was undertaken and 
is the subject of this paper. Although the occurrence of tetrasporangia on 
sexual plants and conversely of sexual organs on tetrasporic plants has 
been recorded for a large number of the red algae, in many of these cases 
it is probably an abnormal event, but the frequency of the occurrence in 
such cases as 5. Turneri is enough to justify a consideration of it as 
normal 

The development of tetrasporangia and sexual organs in close proxi- 
mity on filaments of both American and European material of S. Turneri 
has been the subject of comment by several writers, including Farlow (4), 
Lewis (13), Pringsheim (17), Kylin (9), and Rosenvinge (18). More 
recently, Schussnig and Odie (20) have published an account of the life- 
history of Spermothamnion roseolnm (Ag.) Pringsh., which some authorities 
consider as a growth form of the same species as S. Turneri. Like 
S. Turneri^ it gives rise to both sexual organs and tetrasporangia on the 
same plant. The results of this investigation will be referred to subse- 
quently. 

Material and Methods. 

The material used in this investigation was collected in the vicinity of 
Woods Hole, Mass., and the collections were made during the second part 
of June, through July, and most of August, 195 J 7 . A further supply was 
collected in early August, 1933 , by Miss H. T. Croasdale, 

S. Turneri is a branched filamentous alga and grows epiphytically on 
other algae, such as Chondrus, Phyllophora^ and Polyides. Attached plants 
are usually found only below low-water level, but quite frequently frag- 
ments are torn loose and float in the wash. Much of the material was 
obtained in this way, in the neighbourhood of Nobska Head, but other plants, 
growing in forty feet of water, were obtained by dredging between Nobska 
Head and West Chop on Martha’s Vineyard* The plants dredged did not 
appear to be either so well developed or so richly branched as those found 
floating, and in some ways they resembled 5. roseolum (Ag.), Pringsh. 
Sporangia were not so abundant on this material and sexual organs have 
not been found. There seemed to be no reason for supposing it to be 
another species, and the number of chromosomes in a dividing nucleus in a 
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vegetative cell of the dredged material agreed closely with that of the 
floating material^ The final results have come from a few collections of 
the floating material, since those plants provided large numbers of nuclei in 
the process of division. 

Fixations were made throughout the day, between 10 a.m. and i p.m,, 
and although this usually involved keeping some of the material in the 
laboratory in sea-water, no damage appears to have resulted. 

Material was fixed In twenty-seven standard solutions and modifica- 
tions of such, but the only one which has given good results is a mixture of 
6 c.c. of 40 per cent, formaldehyde and 100 ex. of 70 per cent alcohol. 
Many solutions which have given satisfactory results with the vegetative 
cells are useless for the sporangia, as in them the middle layer of the wall 
tends to swell. It swells in some fixatives more than in others, but in all 
of them the outer layer resists the pressure set up while the inner does not, 
and so the protoplasm is squeezed into a shapeless mass. The sporangia 
seem particularly sensitive to fixatives from the end of the early prophase 
stages of the first nuclear division until the completion of the second 
division. It has been found necessary to leave the material in the fixative. 
If transferred to alcohol, it becomes difficult to dehydrate as the filaments 
tend to twist and collapse. 

The filaments have been stained and mounted whole, and in sharpness 
of nuclear details exceedingly little has been lost by adopting this method. 
On the other hand, the advantages of working with whole mounts, when it 
is imperative to know what reproductive organs occur on any given fila- 
ment, are great. 

Brazilin has been employed for staining in order to avoid the use of 
low percentages of alcohol, in which the sporangium wall swells as in 
fixatives, other than the one employed. After staining and dehydration in 
the usual way, the filaments have been cleared by passing them through 
a long series of alcohol and xylol mixtures. From a final mixture of 
I part of absolute alcohol and 15 parts of xylol, the material has been 
transferred to a mixture of 3 parts of Canada Balsam, 25 of xylol, and % of 
absolute alcohol. This mixture has then been allowed to concentrate 
until it reaches a consistency suitable for mounting. Full details of this 
method will be given later when its use for other algae has been tested. 

Owing to the small size of most of the chromosomes and of the other 
nuclear structures of this plant, special attention has been paid to the 
apparatus used for making the observations recorded. The use of a Watson 
Holoscopic Immersion Condenser has been particularly helpful. Critical 
illumination, with a Pointolite lamp as the source of illumination, has been 
employed throughout the investigation. 

1 This supports Rosenvinge’s (18) opinion that S. Tumeri (Mert.) Aresch. andA 
(Ag.) Pringsh, are bnt different forms of the one species. 
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3, Cytology of Diploid Plants. 

As several plants probably combine to form the tufts, which are so 
characteristic of the habit of growth of S. Tur7icri, it is not easy to define 
the exact limits of a single plant. There is no question, however, that, as 
other writers (17, 4, IS, 9, and 18) have described, tetrasporangia occur on 
the same filaments as procarpic and antheridial branches and cystocarps 
(Text-fig. I, A and b)« They may occur in close proximity, and tetra- 
sporaiigla are formed quite commonly on branchlets terminated by a pro- 
carp and also from the cell, from which the involucral filaments of the 
developing cystocarp usually arise. In one case a sporangium (i*) was 
found to be developing from a cell of the procarp itself (Text-fig. o,b). 

So far, the only adult filaments found with their nuclei in the process 
of division belong to diploid plants, the number of chromosomes in the 
nucleus being sixty. As might be expected, tetrasporangia are found on 
such filaments^ but procarpic branches and cystocarps occur as well. Anthe- 
ridial branches are rare in the material, and in only a single case has one 
been found on a filament known to be diploid. This antheridial branch 
appeared to be mature and healthy. Although the tetraspores germinate 
readily, no adult haploid filaments have come under notice. It has still to 
be ascertained therefore, whether like the diploid, they bear both sexual 
and asexual reproductive organs. 

Although procarpic branches occur in varying numbers on most of the 
material examined, tetrasporangia are by far the more numerous. Mature 
cystocarps are found usually as isolated examples, but developing cysto- 
carps are fairly numerous in some of the June material. Antheridial 
branches occur very rarely on filaments fixed in late June and early August, 
but some of them do not look very healthy. This is the first record of 
antheridia of S, Turneri on the American Coast. 

In the following pages, detailed descriptions of the division of the 
somatic nuclei, the nuclear history of the tetrasporangium, and the develop- 
ment of, and nuclear divisions in, developing procarpic branches and cysto- 
carps of diploid, plants are given. Following these, the germinating 
tetraspores are described and the bearings of these observations on a con- 
ception of the life-history of S. Turneri are discussed. 

(a) So7natic Nuclear Divisions. 

Cells other than those concerned with reproduction are multinucleate. 
The germinating spore quickly changes from the uni- to the multi-nucleate 
condition (PL XIII, Fig. 37 ), and some adult cells may contain as many as 
thirty nuclei. These all divide at the same time, but the nuclei in the 
apical end of the cell are usually slightly in advance of those at the basal 
end. This is shown very clearly by the cell represented in PL XII, Fig. 9 , 
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Text-Fig. i. a Filament bearing procarpic branch (/ of PI. XIII, Fig. 36, and young 
sporangium {s)^ the nucleus of which is figured on PL XIII, Fig. 38. x 59. B Portion of plant 
bearing both cystocarp («:) and mature tetrasporangia (i-). x 52. c Filament, the apical cell of 
which is figured on PL XIII, Fig. 37. Procarpic branch {^phr) of PL XIII, Fig. 33 borne on this 
filament x 83. 




Text-Fig. 2. a Developing cystocarp with involucral filaments. Diploid nucleus of apical 
cell marked x and tetraploid nucleus of cell of gonimoblast on back side of procar-p represented on 
PL XIII, Figs. 42 a and 42 b respectively. Cells of upper gonimoblast dotted, spc =: sporogenous 
cell ; cp dr = remains of carpogonial branch \ be ^ basal cell ; p c J first pericentral cell ; fc ~ foot 
cell i e e == central cell, x 333. B Filament bearing abnormal procarpic branch, from a cell of 
which a sporangium (^) is developing. The cell immediately below the procarp has also given rise 
to sporangia-bearing branches. X 205. 

tile basal nuclei of which are at metaphase, whereas the apical ones are at 
anaphase and telophase. ^ , 

In interphase the nuclei of the apical cells are spherical, but thos^ of 
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older cells are much flattened and lie closely against the walls, in the thin 
layer of cytoplasm* The nucleus has a prominent nucleolus (PL XI I, 
Fig» i) except in older cells which have ceased to divide. Surrounding the 
nucleolus is the karyotin, which seems to vary in amount, appearance, and 
capacity for taking up brazilin, even in corresponding cells. In rapidly 
dividing apical cells it most frequently has the form of irregular branched 
strands (PL XII, Fig. i) and as the time of division approaches these thicken 
and segment to give the chromosomes. The chromosomes are not easily 
distinguishable at first, but gradually become more and more distinct, more 
definite in outline and larger. At this stage they are scattered throughout 
the nuclear area, around the nucleolus (PL XII, Fig. i2,and PL XIII, Figs. 37 
and 37 a). Except in older cells, where the nucleus is much flattened, the 
chromosomes can then be counted comparatively easily. The number dis- 
tinguishable is either sixty (PL XII, Fig. Q,) or slightly less (PL XIII, Fig. 37 a), 
and corresponds with the thirty bivalent chromosomes found in the tetra- 
sporangium at diakinesis. Although there are sixty chromosomes in the 
nucleus represented in PL XII, Fig. 2, only fifty-six are visible in the figure 
as the remaining four are covered by others. In the nucleus of PL XIII, 
Fig, 37 a the chromosomes total fifty-eight, and two of these are completely 
hidden beneath others. 

After the chromosomes have been formed the nucleolus soon fades 
away and the chromosomes move towards the equatorial plate, some lagging 
behind the others (PI. XII, Fig. 3). They become smaller as metaphase 
approaches and some appear to be slightly longer than broad at this stage 
(PL XII, Fig. 3), but the angle of view probably determines the shape. 
When on the plate it is not possible to see them all individually, due 
possibly to cx'owding or to the unsuitability of the fixative for this stage 
(PL XII, Figs. 4 and 5). By metaphase the nuclear membrane has become 
so thin that it is not visible as such, but there is evidently some boundary 
as an area of clear protoplasm, elliptical in section, surrounds the plate and 
contrasts with the rest of the protoplasm which is much more granular 
(PL XII, Figs. 4, 5, and 6). Sometimes this area is not well defined, 
especially in older cells, and it always becomes less marked as the division 
proceeds. Even at telophase, however, the protoplasm around the chromo- 
somes is slightly clearer than the rest (PL XII, Figs. 7 and 9). There 
seems to be nothing to determine the direction of the spindle (PL XII, 
Fig. 9) and neither centrosomes nor spindle fibres have been seen during 
nuclear divisions. As the two groups of chromosomes move apart, after 
division, a few faint, thread-like connexions remain between some of them 
(PL XII, Figs. 6 and 9). After metaphase it is no longer possible to 
estimate the number of chromosomes present in each group, as they appear 
to be more or less fused together to form a single mass. Sometimes 
spherical bodies can be distinguished in these masses moving towards the 



Spermothamnion Turneri {Mert?j Aresck, /. 555 

poles (PL XII, Figs* 6 and 9), but it is probable that these are not single 
chromosomes. The masses become more homogeneous as they approach 
the poles, where their shape changes from that of a flat plate to that of 
a shdlow basin, with its concave side towards the pole (PL XII, Fig. 7). 
A thin membrane then arises on the polar side of each mass and completes 
a sphere within which the nucleus reorganizes. At an early stage, the 
mass of karyotin becomes more irregular in shape and gives rise to the 
thin thread or threads of interphase (PL XII, Fig. 8). What remains after 
the thread has been formed starts to take the stain more readily and rounds 
up as the nucleolus. 

(b) The Development op and Nuclear Divisions in, the Tetrasporangium. 

Tetrasporangia arise both terminally and laterally on short branches 
of the main filaments. These short branches may be branched themselves, 
in wMch case, sporangia, in all stages of development, are clustered 
together. The tetrasporangium-mother-cell is always uninucleate so that 
it Is easy to distinguish an apical cell from which a sporangium is to be 
derhed, by the presence of a single isolated nucleus in the upper half 
(PL XII, Fig. 10). This nucleus is unusually large and is soon cut off by 
a wall formed in the usual way, i.e. by ingrowth from the periphery. 

Although the young sporangium so formed increases in size, its 
proportions remain much the same until the later prophase stages, when it 
starts to become more spherical, by an increase in the transverse diameter. 
The process of rounding up is hardly complete by the end of the second 
nuclear division. 

After the sporangium has been cut off from the stalk-cell, the nucleus 
rapidly increases in size and continues to do so until the metaphase of the 
first division is approaching (PL XII, Figs. 11-18), It has a prominent 
nucleolus, and around this is the slender spireme pursuing an irregular 
course throughout the nuclear area (PL XII, Fig. ii). At this stage it is 
impossible to be certain whether the spireme is a continuous thread or not. 
During prophase it undergoes many changes and appears in very different 
forms at each succeeding staged As these changes occur in sporangia 
boxiie on the same filament as sporangia with their nuclei at diakinesis, 
they undoubtedly represent rearrangements which are a necessary precedent 
to redaction division. Very soon after the dividing wall has been completed, 
the nucleus takes on an appearance, resembling that described forsynizesis 
in other plants. The spireme thread becomes densely coiled and occupies 
only a third or a quarter of the nuclear area (PL XII, Fig. li^). It has not 
been possible to find any direct evidence that syndesis occurs during this 
period of contraction, as the mass is very tangled and the thread very fine. 

^ Owing to the great complexity of detail in the nuclei illustrating the early stages and shown 
on IL XII, Figs. it has been impossible to reach the same accuracy of representation as in 

tlies case of the other figures. - 'v ' 
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There is no doubts however, that towards the end of this stage, the spireme 
is shorter and thicker. When it spreads throughout the nuclear area once 
more, loops of twisted thread such as those represented in PL XII, Fig^ 12 a, 
are seen. Whether these loops have any significance or are accidental 
cannot be determined. After synizesis the nucleus enlarges, but chiefly 
laterally, thus becoming oval in section. The nucleolus enlarges also and 
the spireme is now considerably thicker than before the contraction. Its 
outline is very even, and instead of pursuing a very meandering course, as 
originally, it traverses the nuclear area in long curves. This stage is a very 
distinctive one, and judging from the number of sporangia found with their 
nuclei in this condition, it must be of considerable duration. There is 
evidence that during this time the spireme segments into definite lengths 
for, whereas in the nuclei of smaller sporangia the spireme seems more or 
less continuous, in the nuclei of larger sporangia there are several distinctly 
separate threads as in the nucleus of PI. XII, Fig. 13. Since these do not 
number more than thirty (the haploid chromosome number), it seems safe 
to assume that each piece represents a bivalent chromosome. Intermediate 
stages are represented by the nuclei in which there are both long and short 
lengths. The longer pieces are often knee-jointed, suggesting that they 
are about to segment at the bend. The nucleus gradually passes from this 
stage into one in which the bivalent chromosomes are more distinctly 
separate from one another and their double nature is apparent by diamond* 
shaped openings and forked ends (PI. XII, Fig. 14). They are no longer 
of even thickness and fairly straight, but knotted and twisted. The nucleus 
and nucleolus continue to enlarge, and the former becomes spherical again 
(PL XII, Fig. 15). At the same time the bivalent chromosomes shorten, 
but the members of each pair tend to separate further from one another. 
They appear in various forms of which the most common is a diamond- 
shaped ring with accumulations of material at the corners, especially two 
opposite ones (PL XII, Figs. 15 and 16). The chromosomes lose, for 
a time, their affinity for brazilin but regain it as they shorten and thicken 
for diakinesis. Several stages in this condensation for diakinesis are to be 
found in the same nucleus, as will be seen from PL XII, Fig. 28. During 
diakinesis each chromosome of the pair is more or less spherical, and 
although lying closely against its neighbour, is quite separate from it 
(PL XII, Fig. 17)* At the same time, some of the univalent chromosomes 
(pc) show indications of the beginning of the split which takes place in the 
homotypic division (PL XII, Fig. 17). 

The occurrence of such a characteristic diakinesis shows that pairing 
of the chromosomes has occurred during the events which have been 
described. The actual process of pairing has not been observed, but 
judging from the details recorded, it seems likely that it takes place during 
or immediately after synizesis. Additional evidence that the first nuclear 
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division in the sporangium is a reduction division, is provided by the two 
nuclei of PL XII, Figs. 'Zg and z8. Both nuclei are from the same filament, 
the former being that of a stalk-cell of a sporangium and the latter the 
nucleus of a tetrasporangium-mother-celL Whereas the vegetative nucleus 
is in prophase and at least fifty-five chromosomes are distinguishable (one 
of these being hidden in the figure), the nucleus of the tetrasporangium- 
mother-cell is nearing diakinesis and appears to have thirty-two bivalent 
chromosomes. The usual number in a sporangium nucleus at this stage is 
thirty, but it is not always easy to distinguish between chromosomes and 
deeply-staining bodies lying immediately outside the nucleus, and that 
probably accounts for the high number in this case. 

When the bivalent chromosomes in the nucleus of the tetrasporangium 
are fairly well condensed, the nucleolus loses its affinity for stains and 
sometimes becomes vacuolate, but in all cases eventually disintegrates. In 
the last stages of disintegration it may take on quite an irregular shape 
(PL XII, Fig. 18) (cf. Corallina officinalis var. mediterranea (3)). A very 
thin nuclear membrane persists, for the nuclear area is still quite well defined 
(PL XII, Fig. 18). During the separation of the chromosome pairs, 
however, the nuclear area gets gradually smaller (PL XII, Figs. i8-ao) and 
whereas until metaphase the substance filling the nuclear cavity is homo- 
geneous in appearance, it then becomes granular (cf. PL XII, Figs. 19 and ao),. 
During late anaphase and early telophase the nuclear membrane vanishes, 
at first in the equatorial region and then progressively towards the poles 
(PL XII, Fig. ^i). 

No indication of an achromatic figure has been seen, but just prior to 
metaphase denser masses of protoplasm appear at the poles pressed against 
the outside of the nuclear membrane and such as are indicated in the later 
stage of PI. XII, Fig. 120, (/). During anaphase gradually increasing areas 
of clear protoplasm appear in the centres of these masses {p) (PL XII, 
Fig. zi). Eventually the karyotin of telophase enters these (PI XII, 
Fig. zz) and the daughter nuclei are reorganized in them (PL XII, Fig. zz). 

After diakinesis the two members of each of the thirty bivalent 
chromosomes fuse together to form a single body (PL XII, Fig. 18), and 
when the nucleolus has completely disappeared they move to the equatorial 
plate (PL XII, Fig. 19). In the first nuclear division this is always at 
right angles to the long axis of the sporangium. Some of the chromosomes 
lag behind throughout the division ; thus in PL XII, Fig. 19, while some are 
on the plate and are undergoing disjunction others are quite far off. It 
will be noticed also, that disjunction may occur either before or after the 
plate is reached (PL XII, Fig. 19). PL XII, Fig. shows most of the 
bivalent chromosomes arranged on the plate, many of them in disjunction^ 
the chromosomes of one pair (a) having completely separated. As these 
bivalent chromosomes separate they are dumb-bell shaped, the two: 
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members of a pair often remaining connected by a very thin fibrCj even after 
they have moved a considerable distance apart (PL XIIj Figs« %o and iZi), 
The chromosomes retain their individuality until late anaphase (PL XII 5 
Fig» 21)5 but in telophase they fuse together to give a structureless mass 
which is often saucer-shaped, the concave side being towards the pole. 
This becomes adpressed to the polar area of clear protoplasm, enters it 
(PL XII, Fig. 22) and there gives rise to both the nucleolus and the 
karyotin of the daughter nucleus (PL XII, Fig. 23). The daughter nuclei 
are completely reorganized between the first and second division and 
probably spend a long period in interphase (PL XII, Fig. 24), judging from 
the number of binucleate sporangia found. During interphase the nucleolus 
is prominent and shows great affinity for braziiin in contrast to the spireme. 
As prophase approaches the spireme takes the stain more readily again and 
the chromosomes are formed very quickly. They number thirty. The 
nuclear area is smaller than that of the first nuclear division and the details 
are not so easy to follow. Prophases of the two sister nuclei of the second 
nuclear division are represented in PL XII, Fig. 25, which also shows the 
smaller size of the chromosomes. They number thirty in both nuclei. The 
nucleolus vanishes as in the first division and the chromosomes move to the 
plate (PL XII, Fig. 26). The two equatorial plates are usually in planes at 
right angles to one another, so that one plate is seen in surface view and 
the other in side view (PL XII, Fig. 26), or else both are seen obliquely. 
The metaphase of the second division is very much more like that of 
a somatic mitosis than that of the first nuclear division of the sporangium, 
in that the chromosomes are much closer together and the nuclear area is 
not so well defined. During anaphase the chromosomes are not distinguish- 
able individually, and before telophase they have fused into a structureless 
mass as in PL XII, Fig. 27, which shows the products of the division of one 
nucleus only. From this, both the karyotin thread and the nucleolus of 
the daughter nucleus are formed. Although the material examined 
contains large numbers of mature sporangia and many showing all stages 
of the first division, very few examples of the second division have been 
found, suggesting that it is passed through more rapidly than the first. 
The four daughter nuclei are completely reorganized at the periphery of 
the sporangium and then move back to the centre, where they become 
arranged tetrahedrally* 

After the nuclear divisions are completed there is a period of growth 
during which the sporangium attains its full size. Invagination of the 
cytoplasm which starts during this period of growth, never begins until the 
four nuclei have reached the centre of the sporangium, in contrast to 
Delesseria sanguinea (23). An early sign of invagination in living material 
is the appearance of two furrows, each approximately a third of the 
circumference of the sporangium in length, on opposite sides of the 
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sporangium and at right angles to one another. Owing to the transparency 
of the protoplasm, this gives rise to a well-formed x , if viewed from the 
appropriate angle. It is not certain whether the four further furrows, 
which connect the ends of the original two, form at the same time or later* 
They all deepen, and when the process is about two- thirds complete, there 
is a pause before the spores become entirely separated, as in Griffithsia 
Borne tiana (13). 

Since no purely sexual or purely tetrasporic plants have been found, 
it seems reasonable to expect that some.tetraspores might be formed on 
haploid plants without a reduction division. So far no evidence of this 
has been obtained^ since no known adult haploid individuals have been 
found and all the sporangia investigated develop in the same way. 

Occasionally sporangia containing more than four spores are founds 
a fact which may be correlated with the occurrence of what seem to be 
binucleate sporangium initials. These binucleate initials are quite distinct 
from sporangia in the binucleate stage following a division. 

In addition, three sporangia with multinucleate spores (Pi. XII, 
Fig. 30) have been seen and must probably be considered as abnormalities. 
None of these sporangia are borne on filaments whose chromosome com- 
plement is known. 


(c) The Development of Procar pic Branches and Cystocarps on 
Diploid Plants. 

The structure of the procarpic branch in the genus Spermothamnion 
has been investigated by several of the earlier workers on the Algae (15, 
17, I, 6) and more recently by Kylin (10), and Schussnig and Odle (20). 
The nuclear history of the developing procarpic branch, on the other hand, 
has received no attention apart from brief mention by the last-mentioned 
authors and Rosenvinge (18), nor have the nuclear phenomena, which 
initiate the development of the gonimoblasts been followed. These details, 
which are of particular interest in the case of procarpic branches formed on 
diploid plants, will now be described for TurnerL 

The earliest stage seen is that of a small binucleate cell terminating 
a short branch. Whether such a cell is uninucleate originally is unknown. 
The two nuclei divide to give four, but although this suggests that a reduc- 
tion division may take place, this cannot occur as the diploid number of 
chromosomes is found in all the subsequent divisions, A transverse wall 
is now laid down and three of the nuclei are cut off by it, from the fourth, 
which remains in the apical cell of the branch. Such a procarpic branch is 
shown on PL XIII, Fig. 31. The single nucleus of the apical cell enlarges 
and divides, and the nucleus (PL XIII, Fig. 31a) of the procarpic branch 
referred to is in the prophase of this division. There appear to be fifty-nine 
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chromosomes in this nucleus (three of which are not visible in the figure). 
After this nuclear division another wall is laid down parallel to the last, 
so that the procarpic branch then consists of a row of three cells of 
which the middle one is the largest. The apical and middle cells are 
uninucleate, but the basal one contains three nuclei. The apical and basal 
cells do not divide further, nor do they enlarge as much as the central cell, 
from which three pericentral cells are then cut off in succession. The first 
of these three pericentral cells to be formed is a small one on the abaxial 
side of the branch (PL XIII, Fig. i). The second, however, Is much 

larger (PL XIII, Fig. 3:^, p,c.%) and soon cuts off a small apical portion 
(PL XIII, Fig. 33, sic.) known as the sterile cell. The nucleus (PL XIII, 
Fig. 3a a) of the second pericentral cell of the procarpic branch represented 
in PL Xin, Fig. 3a, is in the prophase of the division which precedes the 
formation of this cell, and the diploid number of chromosomes is present 
(three being completely hidden in the figure). After the division of the 
second pericentral cell a third is cut off. The nucleus of the central cell 
(PL XIII, Fig. 33 a) of the procarpic branch of PL XIII, Fig. 33, is in prophase 
prior to the formation of this cell, and here again the chromosomes number 
sixty (four of which are not visible in the figure). This procarpic branch 
is also of interest since it is borne on the same filament (Text-fig. 1 c), the 
apical cell of which is represented on PI. XIII, Fig. 37. The nuclei of this 
cell are also in prophase, and there are fifty-eight chromosomes in the 
nucleus figured in detail (PL XIII, Fig. 37 a). This filament therefore, 
provides undoubted evidence that no reduction division precedes the 
formation of procarpic branches on diploid plants. 

The first of the three pericentral cells does not divide again, and the 
third remains undivided until after the fertilization of the carpogonium. 
The basal of the two cells, formed from the second pericentral cell, gives 
rise laterally to the mother-cell of the carpogonial branch, and so is the 
supporting-cell (tragzelle) (PL XIII, Fig, 33, s.c,). The mother-cell of the 
carpogonial branch divides into four cells, which ai‘e so shaped that the 
branch is curved in three directions and comes to occupy an adaxial 
position between the second and third pericentral cells. The apical cell of 
the branch forms the carpogonium. 

The three pericentral cells of the procarpic branch are all uninucleate 
as is also the sterile cell, which is cut off from the supporting-cell. In 
addition, the cells of the carpogonial branch are all uninucleate at first but 
usually become binucleate later (PL XIII, Fig. 35, cp. br. 2). The carpo- 
gonium is uninucleate when formed, but the nucleus subsequently divides, 
one of the daughter nuclei passing into the trichogyne. 

It has not been possible to follow all these nuclear divisions during the 
development of the carpogonial branch, but wherever possible counts have 
been ' made of the number of chromosomes appearing in the nuclear 
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divisions in any of these cells. In every case it is sixty or approximately 
sOj and some of these nuclei are represented in PL XIII, Figs. 34 and 34 a, 
35 and 35 a, 36 and 36 a. In PL XIII, Fig, 34, it is the nucleus of the 
apical cell of a three-celled carpogonial branch which is in prophase, and 
sixty chromosomes (three of which are hidden in the figure) are dis- 
tinguishable (PL XIII, Fig. 34 a), It is interesting to note that the tricho- 
gyne has started to develop, although the last cell-division has still to take 
place. In another example, fifty-seven chromosomes (one of which is 
under the nucleolus) appear in the nucleus (PL XIII, Fig. 35 a) of the third 
cell of a carpogonial branch (PL XIII, Fig. 35, cp, br. 3). In the procarpic 
branch of PL XIII, Fig 36, the nucleus of the carpogonium itself is in pro- 
phase, and the division will result in the formation of the egg and tricho- 
gyne nuclei. The nucleus (PL XIII, Fig. 36 a) is diploid, as fifty-nine 
chromosomes are distinguishable (two of which are hidden beneath others 
in the figure). The nucleus of a tetrasporangium (x), borne on the same 
filament (Text-fig. i, A) as this procarpic branch {p*br.) is reproduced on 
PL XIII, Fig, 38. It is approaching diakinesis and contains thirty bivalent 
chromosomes, showing that the diploid number of chromosomes in the 
carpogonium is due to its formation on a diploid plant and not to a pre- 
ceding nuclear fusion. 

There is no difficulty, therefore, in showing that diploid procarpic 
branches are initiated and mature. Moreover, the diploid nature of the 
procarpic branch does not inhibit further development, for although there 
is a high mortality at this stage, some of these diploid carpogonia develop 
into cystocarps. Evidence of this is provided by the occurrence of cysto- 
carps on plants known to be diploid on account of the number of chro- 
mosomes present in the nuclei of either vegetative cells or cells of the 
involucral filaments. A particularly interesting example of this is shown 
in Text-fig, 2, A. The nuclei of one of the apical cells of the rapidly 
dividing involucral filaments are in pi*ophase ( x j and the nucleus of one 
of the cells of the developing gonimoblasts is in the same condition. 
Whereas the chromosomes in the somatic nucleus (PL XIII, Fig. 42 a) 
number fiifty-nine or sixty (three of which are not visible in the figure, 
however), the nucleus of the gonimoblast has one hundred and ten (PL XIII, 
Fig. 42 b). Ten of the latter are not shown in the figure as they occur 
beneath others. This is therefore a diploid plant bearing a tetraploid 
cystocarp, and it shows that although no nuclear fusion has been seen the 
formation of the cystocarp is initiated by such an event. 

The question whether this tetraploid condition is the result of diploid 
carpogonia being fertilized in the normal manner is obviously the first to 
be asked. Since antheridial branches occur so rarely, this might well be 
doubted. Once further development of the carpogonium has started, the 
trichogyne seldom remains intact, but in cases where it does spermatiump 
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like bodies are sometimes seen adhering to it. In all probability, therefore, 
fertilization does occur. The procarpic branch of PL XIII, Fig. 39, more- 
over, shows that the nuclear fusion takes place in the carpogoniiim {cp) 
and so is probably the normal one, as it contains two tetraploid nuclei, the 
plant being diploid. 

In addition, the procarpic branch referred to shows some of the first 
developments which take place in connexion with the formation of the 
cystocarp. Changes in the cell contents of the carpogonial branch have 
started, the first nuclear division in the carpogonium has already taken 
place and both auxiliary cells have been formed. The two nuclei of the 
carpogonium are in the prophase of the second division. One of these 
nuclei is reproduced in detail (PI. XIII, Fig. 39 a) and the chromosomes 
number one hundred and eleven. Although the chromosomes have been 
drawn rather small to prevent much overlapping, eleven are hidden com- 
pletely in the figure. The two nuclei of the central cell of the procarpic 
branch and also the nucleus of each basal cell are also in prophase, the 
number of chromosomes present showing the plant to be diploid. To avoid 
confusion, the only one of these four nuclei shown in PL XIII, Fig, 39, is 
that of the basal cell (bx.) of the auxiliary {ax^ i) formed from the sup- 
porting-cell, It appears in the centre of the back side of the procarp. 
This nucleus, which is given in greater detail in PI. XIII, Fig. 39 b, has 
fifty-six or fifty-eight chromosomes (two of which are not visible in the 
figure). 

Nuclear divisions in the carpogonium cease with the formation of four 
nuclei. Two of these pass into the two small sporogenous cells, which are 
formed, one on each side of the carpogonium, near the auxiliary cells. The 
remaining two nuclei do not leave the carpogonium but gradually dis- 
integrate and, like the nuclei of the other cells of the carpogonial branch, 
their remains can be distinguished when the goninioblasts are well 
developed. Occasionally only one sporogenous cell is formed and con- 
sequently but one gonimoblast results. 

While the nuclear divisions in the carpogonium are taking place the 
supporting-cell and third pericentral cell enlarge. Each cell has a single 
nucleus which also increases in size, and, although the karyotin does not 
take up the stain at all readily, the nucleolus does. Both of these cells 
then divide into an upper large cell, the auxiliary cell (PI. XIII, Fig. 39, 
ax. i) and a lower smaller cell, the basal cell (PL XIII, Fig. 39, bxt), which 
is in direct connexion with the central cell of the procarpic branch. Each 
basal ceil is uninucleate at first, but soon becomes binucleate, the prophase 
of such a division being reproduced in PL XI 1 1 , Fig. 39 b. Each auxiliary 
cell is uninucleate at first, and, although the nucleus is large and has a 
prominent nucleolus, there is no indication of a karyotin thread, the nuclear 
area being clear (PL XIII, Fig. 39, ax. 1)* Each auxiliary cell enlarges 
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considerably after its formation, and the nucleus moves to the basal and outer 
side of the cell, where it divides. Both daughter nuclei are cut off with 
a small amount of protoplasm to form the foot cell (PI. XIII, Fig, 40,/.^,), 
the remaining portion forming the cental cell from which a gonimoblast 
develops (PL XIII, Fig. zf.o, gx.). In procaipic branches, such as that of 
PL XIII, Fig. 40, showing the foot cell about to be cut off, the sporogenous 
cell {sp.c.) on that side of the procarp seems to be in open connexion with 
the neighbouring central cell {g.c.). Each sporogenous cell is uninucleate, 
and in the upper end of each central cell there is a nucleus with faintly 
staining karyotin and two or more small nucleoli. In all cases the central 
cell nucleus is quite unlike the two nuclei of the related foot cell, but closely 
resembles the nucleus of the adjacent sporogenous cell. It seems therefore 
that, although the division has not been seen, the nucleus in the central 
cell and the one in the communicating sporogenous cell are daughter nuclei 
of the original sporogenous cell nucleus. This being so, the nucleus of the 
central cell is derived therefore from the carpogonium. The multinucleolate 
condition of this nucleus is worthy of note. * Where there are just two 
nucleoli the appearance might suggest a nuclear fusion, but as there are 
sometimes more than two, and as the sporogenous ceil nucleus is similar, 
this explanation will not suit. It seems more likely that the nucleolus frag- 
ments, in order to move more easily from the sporogenous cell to the central 
cell, although the sister nucleus remains in situ, it is evidently influenced 
by the same stimulus. The latter, like the nuclei of the foot cell, shrivels and 
takes no part in the development of the gonimoblast. The gonimoblasts, 
one on either side of the procarp, result from the divisions of the central 
cells and their nuclei derived from the carpogonium. At first the divisions 
are fairly orderly, but before long a very irregular mass results. The outer- 
most cells become carpospores simply by a change in the shape of the outer 
wall, the resulting spores being pear-shaped. 

Occasionally nuclei of the developing gonimoblasts are found dividing, 
and two in prophase have been found with one hundred and ten and one 
hundred and twelve to one hundred and fifteen chromosomes respectively, 
indicating a tetraploid nature. The former nucleus is reproduced in PL XIII, 
Fig. 42 b, but the chromosomes being so numerous, ten are not represented 
in the figure. 

That triploid carpospores may occur as well as tetraploid is suggested 
by the nucleus in a cell of another gonimoblast. The nucleus has eighty or 
eighty-two chromosomes, only seventy of which are shown in the figure 
(PL XIII, Fig. 41), It is interesting to note that carpospores are maturing 
in this cystocarp. This triploid nucleus supports the view that the carpo- 
gonia are fertilized by sperinatial nuclei in the normal manner, for if both 
diploid and haploid spermatia occur, then diploid, triploid, and tetraplbid 
carpospores would result. If, on the other hand, normal fertilization is 
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replaced by another nuclear fusion only diploid and tetraploid carpospores 
might be expected* 

PI XIII5 Fig. 43, is interesting in this connexion^ as it shows a haploid 
nucleus {n) in the tricliogyne of the carpogonium. The nucleus is repre- 
sented in greater detail in PL XIII, Fig* 43 a. The egg-cell, whether 
fertilized or not, is already cut off from the trichogyne. Possibly the plant 
itself is haploid, but in addition to the nucleus in prophase, there is another 
in a position suggesting movement down the trichogyne, and what seems 
to be the remains of a third near the base. It looks, therefore, as though 
they are male nuclei, but at the same time there are no signs of attached, 
spermatia on the trichogyne unless they are adhering immediately above 
or below, in which positions it might not be possible to distinguish them. 

Other changes take place in the procarpic branch during the formation 
of the cystocarp. The nuclei of the basal cell of the procarpic branch 
divide as the cell enlarges, so that eventually it may contain as many as 
thirteen nuclei. The nuclei of the central cell divide once or twice and the 
nucleus of each of the three cells, the apical, the first pericentral, and the 
sterile, divides once. The protoplasm in the basal and central cells of 
the procarpic branch becomes denser, but the other cells not directly con- 
cerned with the developing cystocarp gradually lose their protoplasm. 

The cells of the carpogonial branch do not divide after fertilization, 
but probably supply nourishment to the carpogonium until the nuclear 
migration to the auxiliary cells has taken place, for although at first they 
are full of dense protoplasm it rapidly disappears. While this is happening 
the nuclei of these cells lose their nucleoli, enlarge, and take on the 
appearance, characteristic of nuclei of cells, invaded by parasites (PL XIII, 
Figs. 39 and 40). After the cells have lost their protoplasm, however, the 
nuclei dwindle in size, but can be distinguished some time after the 
gonimoblasts are initiated. In some cases the carpogonial branch shrivels 
and remains as a dark mass, the nuclei being indistinguishable. 

Involucral filaments, which are branches of the cell immediately below 
the procarp, grow up round the developing gonimoblasts and probably 
provide a certain amount of protection. 

Several abnormalities have been found during this investigation, and 
some are worthy of note. Of these, the most commonly occurring are 
carpogonial branches with multinucleate (PL XIII, Fig. 44) or multicellular 
(PL XIII, Fig. 45) trichogynes. In addition, five procarps with spore-like 
outgrowths of the carpogonial branch have been found amongst the 
material examined. The outgrowths closely resemble carpospores both in 
shape, size, and appearance. Although it has not been possible to deter- 
mine its origin exactly, in all cases the spore must have come from either 
the third cell of the carpogonial branch or the carpogonium itself. Another 
frequent abnormality is the division of the carpogonium to give a cell 
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mass. These carpogonia are probably unfertilized, as there are no sper- 
matia on their trichogynes and the auxiliary cells have not been formed. 
The absence of one sporogenous cell, with the corresponding sterility of 
the adjacent auxiliary cell has been referred to already. 

Germinating Tetraspores and the Haploid Generation. 

The early stages in the germination of the tetraspores have been 
followed. This can be done quite easily by placing slides at the bottom of 
a bowl of sea-water, in which plants bearing tetrasporangia are suspended, 
late at night. Many spores are liberated and adhere to the slides, on 
which they can then be fixed and stained. The tetraspores germinate 
very rapidly, and within twenty-four hours of liberation may become 
three-celled, each cell containing two or three nuclei. After this, growth 
in the laboratory becomes extremely slow, probably due to unfavourable 
conditions. Although much to be desired, no cultures under natural 
conditions have been made. 

The first nuclear division in the germinating spore has not been seen, 
as this evidently occurs before the spore attaches itself to the substratum. 
In all subsequent divisions thirty chromosomes, or approximately that 
number, appear in the prophase of the nuclear divisions. This is so in the 
case of the nucleus of the germinating tetraspore of PI. XIII, Fig. 46, but 
in the detailed figure (PL XIII, Fig. 46 a) one chromosome is beneath the 
nucleolus. As thirty is the number of the chromosomes found in the 
anaphase of the first and the prophase of the second nuclear divisions in 
the tetrasporangium on diploid plants, there is no reason to suppose that 
the first division in the germinating spore differs in any way fi'om any 
other somatic division. 

So far, these spoi'elings provide practically all the evidence of a haploid 
generation, as all the mature plants for which the chromosome number is 
known, are diploid. The absence of adult plants known to be haploid 
may be due to one of two causes. In the first place the nuclei of the 
haploid plants collected may not be in division, or else Spermothamnion 
Ttirneri is possibly like Ceramium corticidatum (25) and other Florldeae 
in having a seasonal alternation of generations. The collections used for 
this investigation were made over a period only just exceeding two months, 
and the material which has given the final results covers an even shorter 
period of time. There is no reason to suppose, therefore, that these spoi'e- 
lings described never develop into mature plants, and that further searching 
will not reveal adult plants with the haploid chromosome number. As has 
been shown in the preceding section, the presence of procarpic branches 
and cystocarps is not in itself evidence of the haploid nature of the plant 
on which they are borne. In order to complete the account of the life- 
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history of this alga, collections at other seasons of the year are much to be 
desired. 

Discussion. 

The observations recorded in the preceding pages show that sexual 
organs and cystocarps, as well as tetrasporangia mature on diploid plants 
of Spermothamnion Ttirneri. As in all other tetraspore-bearing Florideae, 
which have been investigated cytologically, the first nuclear division in the 
tetrasporangium is a reduction division, resulting in the formation of 
haploid tetraspores. The diploid procarpic branches and cystocarps 
develop in the normal way, but as there is no reduction division during 
the formation of the procarpic branches the carpogonia are diploid. More- 
over since a nuclear fusion between the egg-nucleus and a second nucleus 
(probably spermatial in origin) initiates the development of the cystocarps, 
nuclei found in division in the resulting gonimoblasts, are, with one 
exception, tetraploid. The exception is triploid. 

Diploid plants of this species therefore give rise to two kinds of 
reproductive spores, haploid tetraspores and tetraploid carpospores. No 
evidence of the viability of the carpospores has been obtained, but the 
tetraspores germinate readily and provide evidence ^ of the existence of 
a haploid generation. 

These results are collected together in the accompanying diagram and 
the chromosome number is indicated where it has actually been ascertained. 

Diploid plants (6o) 

} 

i 1 

Procarpic branches (6o) Antheridial branches 
Carpogonia (6o) Antheridia 

Fusion nucleus (i2o) 

Gonimoblasts (120) 

Carpospores 

Until it is known whether tetraploid carpospores germinate (and if so, 
what reproductive organs are borne on the mature individuals) and also 
whether tetrasporangia as well as sexual organs develop on the haploid 
plants, the life-history of vS. Ttirneri will remain incompletely known. No 
reason has been found for supposing that the cytological alternation of 
haploid and diploid generations is any less strict in this species than in 
Polysiphonia violaceay for example, for although no mature haploid plants 
have been found, the tetraspores germinate readily. At the same time, 
until it is shown that the tetraploid carpospores are not viable, the possi- 

^ Further evidence of the existence of a haploid generation is provided by the occnrrence of 
a haploid niacleiisin a trichogyne of a procarpic branch and also indirectly by a triploid gonimoblast. 


Tetrasporangia-mother-cells 
Tetraspores (30) 
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bility of another alternation of tetraploid and diploid generations cannot be 
ignored. Such an alternation would account for what seems to be a prepon- 
derance of diploid plants. 

This species is also of interest in that there is no strict segregation 
of tetrasporangia and functional sexual organs to separate individuals. 
Thus there is no morphological alternation of sexual and asexual genera- 
tions corresponding to the haploid and diploid states. On account of this 
peculiarity, S. Turneri might be considered either as an aberrant member 
of the diplobiontic Florideae or as a form illustrating an evolutionary step 
in the Florideae as a whole. Accepting the view that the ancestral Florideae 
were haplo-biontic and that the one individual possessed both sexual organs 
and accessory spores, S. Ttirneri would then take its place as a primitive 
diplobiont, in which the reduction division has been postponed from the 
carpogonium of one generation to the accessory spores of the next The 
sporangium undergoes a protoplasmic division in consequence. With 
the further step of a segregation of sexual organs and sporangia to separate 
plants, the usual diplobiontic life-cycle would be reached. 

The fact that the diploid sexual organs are functional shows that the 
dominating factor which determines this, is not to be found in the chromosome 
number. In this way, S. Turneri provides a parallel in the algae to Osmtmda 
regalis (14) and some members of the Bryophyta (26), where diploid game- 
tophytes give rise to tetraploid sporophytes. The difference between the 
Arcliegoniatae and vS. Turneri lies in the fact that in the former the diploid 
is a normal gametophyte except for its chromosome number, but in the 
latter both kinds of reproductive organs occur together. 

Reference has been made to an investigation by Schussnig and Odle (20) 
of Spermothanmion roseolum (Ag.) Pringsh., which is either very nearly 
related to S, Turneri or possibly another form of the same species. These 
authors conclude that although tetrasporangia occur on the sexual plants 
and sexual organs on the tetrasporic plants, that the alternation of genera- 
tions ( Generations wechsel) is normal. They find that the procar pic 
branches and spermatangia on the tetrasporic plants never get beyond the 
first stages of development, and the tetrasporangia on both tetrasporic and 
sexual plants are morphologically identical. Also, reduction division takes 
place in the tetrasporangia of the former only. The nuclear divisions in 
the haploid tetrasporangium are not described, however. As no mature 
haploid plants of .S. Turneri have been found, no comparison is possible 
with regard to that generation or to the life-cycle as a whole. Whereas in 
S. roseolum^ the diploid sexual organs do not mature, the preceding 
account shows that those of S* Turneri are capable of doing so and give 
rise to tetraploid carpospores. 

A lengthy discussion between Kylin (11, 12 ) and Schussnig (31, 22 ) 
has resulted from the publication of Schussnig and Odle’s work in 19^7 (20}» 
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The point of attachment and position of the carpogonial branch, the 
number of cells in that branch, the position of the auxiliary cells, and their 
number and time of their formation have been the chief points of structure 
discussed- In so far as 5. Tnrnerihs.s any bearing on this discussion, the 
present investigation undoubtedly confirms what Kyliii has recorded and 
is in disagreement with the findings of Schussnig and Odle. The carpo- 
gonial branch of 5. Turner i.dlihough attached to the supporting-cell, comes 
to occupy an adaxial position when mature, due to the shape of the 
lowest cell of the branch. The branch is invariably four-celled. There are 
two potential auxiliary cells, but in cases where only one sporogenous cell 
develops, only one auxiliary cell functions. They are never formed before 
nuclear division starts in the carpogonium. 

A comparison of the C3nological details recorded in this investigation 
with those known for other Florideae, shows that the method of division of 
the vegetative nuclei of 5. Turneri agrees closely with most of these. It 
differs from Griffithsia Bornetimia (13) and others in that the nucleolus 
does not directly and obviously provide any material for the elaboration of 
the chromosomes. However, like that species and unlike many other 
Florideae, the spindle is intranuclear. No spindle fibres, kinoplasmic caps, 
or centrospheres have been seen. Schussnig and Odle (20) do not describe 
the details of the division of the somatic nuclei of Spermothamnion 
7*oseoluiH, 

Detailed accounts exist of the nuclear divisions, and particularly the 
reduction division, in the tetrasporangium of several Florideae (3, 7, 8, 13, 
23, 27). These do not agree in detail amongst themselves, so it is not 
surprising that the preceding account does not conform very closely with 
most of them. At the same time, the general outline and many of the 
details of the nuclear divisions in the tetrasporangium of S. Tnrueri 
parallel those given by Kylin for Griffithsia corallina (8) and Rhodomela 
virgata (7). In some of the species investigated, such as Griffithsia Borne- 
tiana (13), Delesseria sanguinea (23), and Spermothaimimi roseolunt (20), 
the nucleolus supplies material for the formation of the chromosomes, but 
in 5. Turneri the nucleolus remains intact until the chromosomes are 
completely formed, and at no stage is there any trace of chromatin bodies 
detaching themselves from the nucleolus. Although no definite centro- 
somes have been found, polar caps of kinoplasm, very like those recorded 
for Delesseria sanguinea (23) 2 .nd Rhodomela virgata (7), occur during the 
first division. Whereas in R. virgata they are not visible after metaphase, 
they persist in 5. Turneri throughout the nuclear division and the daughter 
nuclei are reorganized in them. As in the vegetative divisions, the spindle 
of the reduction division is intranuclear, although this is not the case in 
the majority of the Florideae* 

The close resemblance of the nuclear behaviour, subsequent to fer- 
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tilizationj between Turneri and Callithamnion co^ymbosum (16) is worth 
noting. Unlike C. corymbosum^ however, no cell division follows the first 
nuclear division in the carpogonium of S. TtLrne 7 'iy and the second nucleus 
of each sporogenous cell remains in situ, instead of being cut off in the foot 
cell with the nucleus of the auxiliary cell. This is probably due to the 
fact that the sporogenous and foot cells are not adjacent as in C. corym- 
bosum, but on diagonally opposite sides of the central cell in S. TurnerL 

Summary. 

I. Diploid plants of Spermothamnion Tnrncri (Mert.) Aresch., bearing 
sexual organs and cystocarps in addition to tetrasporangia, have been 
investigated cytologically. 

The division of the somatic nuclei has been followed, the diploid 
number of the chromosomes being sixty, an unusually high number for the 
Florideae. 

3. A study of the nuclear history of the developing tetrasporangium 
shows that a reduction division precedes the formation of the tetraspores on 
diploid plants. 

4. Tetraspores germinate very rapidly in the laboratory, but growth 
stops when the germlings are three- or four-celled. These germlings, the 
nuclei of which contain the haploid number of chromosomes, provide most 
of the evidence yet available, of a haploid generation. 

5. Procarpic branches formed on the diploid plants develop in the 
normal manner and no reduction division precedes the formation of the 
carpogonium, which is therefore diploid. 

6. The fusion of the egg-nucleus with a second nucleus (probably 
spermatial in origin) initiates the development of the cystocarp. This 
proceeds normally and the gonimoblasts are tetraploid. (A single excep- 
tion was found to be triploid.) 

7. No evidence has been found which would suggest that the cyto- 
logical alternation of haploid and diploid generations is any less strict in 
this species than in Polysiphonia violacea^ for example, but until it is shown 
that the tetraploid carpospores are not viable, the possibility of an alterna- 
tion of tetraploid and diploid generations cannot be ignored. Since pro- 
carpic branches mature on the diploid plants and subsequently give rise to 
cystocarps, there is no strict morphological, alternation of sexual and 
asexual generations, corresponding to the haploid and diploid states, in 
this species. 

8. The division of the somatic nuclei is essentially similar to that 
described for other Florideae. The reduction division in the tetrasporan- 
gium, although very Hke that in Griffithsia corallina (8) and RkodomelB, 
virgata (7), differs somewhat from the same process in other species of the 
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red algae. Although minor differences exist, the nuclear behaviour in 
the developing cystocarp agrees with that of Callitkamnion corymbosum (16), 

In conclusion, the writer wishes to express her thanks to Professor 
W. H. Lang for his constant help and interest throughout this investigation, 
and to Di\ W. R. Taylor for advice during the collection of the material. 
Thanks are also due to the Council of the University of Manchester for 
laboratory facilities, and to the Commonwealth Fund of New York for pro- 
viding the opportunity of visiting the United States, where the material 
was collected. 
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EXPLANATION OF PLATES XII AND XIIL 

Illustrating Mrs. Baker’s paper on ‘Contributions to the Cytology of Spermoihamnion Turneri. 

(Mert.) Aresch. J. The Diploid Generation.’ 

PLATE XU. 

Fig. I. Resting vegetative nucleus, x 2,350. 

Fig. 2. Late prophase of somatic nuclear division in slender apical cell. Sixty chromosomes 
present around nucleolus, but four not visible in the figure, x 2,350. 

Fig. 3. Later stage, showing chromosomes moving to equatorial plate, x 2,350. 

Fig. 4. Polar view of metaphase in somatic nucleus, x 2,350. 

Fig. 5. Side view of same, x 2,350. 

Fig, 6. Anaphase showing fibres connecting daughter chromosomes, x 2,350. 

■ Fig. 7. Telophase, x 2,350. 

Fig. 8. Reorganization of one of daughter nuclei, x 2,350. 

Fig. 9. Vegetative cell with nuclei in division. Basal nuclei at metaphase, middle ones at 
anaphase, and two superimposed apical ones at telophase, x 1,200. 

Fig. 10. Cell about to segment into tetrasporangium-mother-cell and stalk-cell. x 1,200, 

Fig. II. Nucleus of very young tetrasporangium-mother-cell. x 2,350, 

Fig. 12. Nucleus of slightly older teirasporangium-mother-cell in synizesis. x 2,350. 

Fig, 1 2 a. Loop of thread from same nucleus, x 2, 350. 

Fig. 13, Nucleus showing segmentation of spireme to give bivalent chromosomes, .x 2,350. 

Fig. 13 a. Portion of spireme from same nucleus, x 2,350, 

Fig. 14, Nucleus with bivalent chromosomes distinctly separate and their double nature 
becoming apparent, x 2,350. 

Fig. 15. Nucleus enlarging and chromosomes shortening, but members of each chromosome 
pair more separate, x 2,350. 

Fig, 16. Slightly later stage, showing further contraction of the chromosomes, which number 
thirty. One is under the nucleolus, x 2,350. 

Fig. 17. Nucleus showing the bivalent chromosomes of diakinesis. Fission of some of the 
univalent chromosomes is beginning, as at x. Chromosomes number thirty, two of which are under 
the nucleolus. Structure marked probably extra-nuclear. X 2,350. 

Fig. 18. Nucleolus disintegrating. Thirty chromosomes so contracted that the bivalent 
nature of the majority is no longer visible, x 2,350. 
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Fig. 19- Early metaphase of first meiotic division. Some chromosomes already showing signs 
of disjunction. Nucleus smaller but membrane still present, x 2,350. 

Fig. 20. Later raetaphase with the chromosomes in the process of disjunction. One pair (a.) 
has separated completely. Polar caps of kinoplasm (^.) visible and nucleus still smaller, x 2,350. 

Fig. 21. Anaphase. Two groups of chromosomes moving apart, but two members of some of 
the pairs still connected by a fibre. Two chromosomes in disjunction on plate. Twenty-five 
chromosomes distinguishable in upper and twenty-seven in lower group. Nuclear membrane 
practically gone at equator. Polar caps enlarging and centres of same becoming clear, x 3,350. 

Fig. 22. Telophase. Chromosomes have fused together and entered the polar caps, x 2,350 

Fig. 23. Reorganization of daughter nuclei, x 2,350. 

Fig. 24. Daughter nuclei in interphase, x 2,350. 

Fig. 25. Prophase of homotypic division in sporangium. Nuclei have enlarged but are smaller 
than the nucleus of the corresponding stage of the first division. Chromosomes, which are also 
smaller and showing signs of fission, number thirty in both nuclei, but one in upper nucleus not 
visible in the figure, x 2,350. 

Fig. 26. Metaphase of second nuclear division, showing one plate in surface and the other in side 
view. Plates small and nuclear areas not well defined, x 2,350. 

Fig. 27. Telophase of one nucleus of homotypic division. Chromosomes fused together into 
mass. X 3,350. 

Fig. 38. Nucleus of tetrasporangium-mother-cell nearing diahinesis. Two bodies marked .r, 
probably extranuclear, leaving thirty bivalent chromosomes, x 2,350. 

Fig. 39. Prophase of nucleus of stalk-cell of sporangium borne on same filament as sporangium 
of Fig. 31 . Chromosomes number fifty-five, but one is hidden completely by another, x 2,350. 

Fig. 30. Sporangium with multinucleate spores, x 410. 


PLATE XIII. 

Fig. 31. Two-celled procarpic branch ; nucleus of apical cell in prophase, x 1,200. 

Fig. 31a. Nucleus of apical cell of same. Fifty-nine chromosomes present, but three are 
beneath the nucleolus, x 2,350. 

Fig. 32. Young procarpic branch with two pericentral cells ; nucleus of second (j> c 2) in pro- 
phase. X 1 , 200 . 

Fig. 32 a. Nucleus of second pericentral cell of same. Chromosomes number sixty, three of 
which are hidden beneath others, x 2,350. 

33* Slightly older procarpic branch with sterile cell {stc) cut off from supporting cell (.? r). 
Nucleus of central cell {c c) in propliase prior to formation of third pericentral cell, x 1,200. 

Fig. 33 a. Nucleus of central cell of same. Four of sixty chromosomes present hidden behind 
the nucleolus, x 2,350. 

Fig. 34. Procarpic branch with immature three-celled carpogonial branch ; nucleus of apical 
cell of branch in prophase, x r,2oo. 

Fig. 34 a. Nucleus of apical cell of carpogonial branch. Sixty chromosomes present, but three 
are completely covered by others, x 2,350. 

Fig. 35 - Procarpic branch with four-celled carpogonial branch. Nucleus of third cell of branch 
bri)m prophase, x i ,200 . 

35 Nucleus of third cell of carpogonial branch. Chromosomes number fifty-seven, but 
one is beneath the nucleolus, x 2,350, 

Fig. 36. Similar procarpic branch viewed from the opposite side. Nucleus of carpogonium 
{fp) in prophase prior to formation of trichogyne nucleus, x 1,200. 

Fig, 36 a. Nucleus of carpogonium. Chromosomes number fifty-nine, two of which are com- 
pletely hidden beneath others, x 2,350, 

Fig. 37 * Apical cell of filament ol Text-figure x c with nuclei in prophase. Procarpic branch 
of Fig, 33 borne on same filament, x 1,200. 

hig* 37 Central nucleus of apical cell. Fifty-eight chromosomes distinguishable, but two are 
completely covered by others, x 2,350. 

Fig, 38. Nucleus of sporangium of filament of Text-figure t a with thirty bivalent chromo- 
somes, one of which is beneath the nucleolus. Procarpic branch of Fig. 36 borne on same filament 
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39* Procarpic branch after nuclear fusion in carpogonium {cp\ Carpogonial branch is on 
the back side of the procarp, beneath the auxiliary cell [a c 2) and its basal cell (not indicated), and 
the central cell of the procarp (indicated by broken line). On the right of the procarp and in front 
is the first pericentral cell i^pc i) and behind it is the auxiliary cell {ac 1) and its basal cell {bc)^ 
formed by division of the supporting cell. Behind the auxiliary cell is the sterile cell (^/ c) (indicated 
by a broken line). The two nuclei of the carpogonium, the two in each of the other three cells of 
the carpogonial branch, the nucleus of the one auxiliary cell {ac i), and that of its basal cell are the 
only ones represented, x 1,200. 

Fig. 39 a. Nucleus of carpogonium in prophase. Of one hundred and eleven chromosomes 
distinguishable, eleven are completely hidden by others, x 2,350. 

Fig. 39 b. Nucleus of basal cell (derived from supporting cell) of same procarpic branch in 
prophase. Chromosomes distinguishable number fifty-six or fifty-eight, two of which are not visible 
in this figure, x 2,350. 

Fig. 40. Procarpic branch showing further changes following nuclear fusion in the carpogonium. 
Cells on back side not indicated. Sporogenous cells {sp c) formed and in communication with 
central cells (^r), from which foot cells (/c) are about to be cut off. Two degenerating nuclei in 
carpogonium, large multinucleolate nucleus in each central cell, and similar one in each sporogenous 
cell. X 1,200. 

Fig. 41. Triploid nucleus from cell of gonimoblast. Eighty-two or eighty-three chromosomes 
distinguishable, but twelve of these are covered by others, x 2,350. 

Fig. 42 a. Nucleus from apical cell {x) of involucral filament of developing cystocarp of Text- 
figure 2 a. Chromosomes number fifty-nine or sixty, but three are completely hidden by others. 
X 2,350. 

Fig. 42 b. Nucleus in prophase, from cell of gonimoblast of same developing cystocarp. Ot 
one hundred and ten chromosomes present, ten are not visible in the figure, being covered completely 
by others, x 2,350. 

43* Carpogonial branch showing haploid nucleus {n) in trichogyne. Two other de- 
generating nuclei present, x 1,200. 

Fig. 43 a. Haploid trichogyne nucleus in detail. Thirty-one chromosomes present, x 2350. 

Fig. 44. Procarpic branch with multinucleate trichogyne. x 900. 

45* Procarpic branch with trichogyne dividing into several cells, x 900. 

Fig. 46, Germinating tetraspore with nuclei of upper cell in prophase, x 900. 

Fig. 46 a. One of these nuclei in detail. Of thirty chromosomes present, one is not visible in 
the figure, x 2,350. 
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On the Effects of Partial Removal of the Cotyledons 
upon the Growth and Duration of Life of Canteloup 
Seedlings without Exogenous Food.^ 

BY 

SOPHIA A. GOULD, RAYMOND PEARL, THOMAS I. EDWARDS 

AND 

JOHN R. MINER. 

With six Figures in the Text 

L The Problem. 

I N a series of studies carried out in this laboratory during a period of 
more than ten years, there have been used as experimental material 
seedlings of the canteloup {Ctmimis melo)^ grown under rigorously controlled 
environmental conditions. These conditions were so arranged that the 
growing plant could obtain energy and matter (other than water and air) 
for the purposes of metabolism, 07tly from endogenous sources. The 
experimental methods have been described in some detail in (17) and (18). 
Briefly, they consist of an arrangement by which the plant grows and lives 
out the remainder of its life after growth has been completed, in a long 
glass tube, in sterile (aseptic) surroundings. The roots of the seedling 
penetrate, and are surrounded by, a solid (gel) sterile medium, composed 
solely of purified agar, from which all water-soluble material has been 
removed by repeated washing in distilled water. The only other constituent 
of the medium is distilled water. The seedlings are grown in the dark, and 
observed and measured only in non-actinic light, as in a photographic dark 
room, so that photosynthesis cannot take place. Thus all the energy and 
material (other than water and oxygen) metabolized by the plant come 
from the store of reserve food laid down in the cotyledons of the seedling 
itself. The gross morphological features of growth, and the duration of 
life of seedlings grown under the conditions just described, have been studied 

^ From the Department of Biology of the School of Hygiene and Public Health of the Johns 
Hopkins University, Baltimore, Maryland, U.S. A. 

[Aimals of Botany, VoLXLVHI. Mo. CXCI. July, I934d 
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in great detail, and as many of the results as it has been possible to prepare 
for publication up to this time, have been published (16-23). 

It is desirable at this point to review briefly the important gross 
morphological features of the life-history of seedlings of C. melo in the 
absence of exogenous nourishment The seed from which the testa has 
been removed is sterilized by immersion in i : 1,000 bichloride of mercury 
solution, and placed, with aseptic precautions, on the surface of the purified, 
sterile agar in the growing tube. Germination takes place during the 
next twenty-four hours. In the seedling with normal response to gravitation 
(a few appear to lack this in early stages or to have it only in weak form) 
the root-tip soon pushes its way down into the agar, and the hypocotyl 
bearing the cotyledon at its upper end begins growing up the tube. Under 
the described experimental conditions the epicotyl never develops. From 
the point of view of analytical experimentation this is a great advantage, 
because there are only two organ systems, hypocotyl and roots, competing 
for nourishment. The hypocotyl grows in length according to a logistic 
curve ( 22 , 23 ). A richly branched root system develops in the agar. The 
seedling ceases growing after about twelve to fifteen days (at C.). The 
portion of the seedling’s life up to this point may conveniently be designated 
as the period of growth (Fig. i, A, B ; Fig. 2, A). This is the time of the 
seedling’s youth. 

Following the termination of the growth period the seedling passes into 
the second stage of its life cycle, which may conveniently be called the 
intermediate period'^ (Fig. i, C, and Fig. 2, B). During this period the plant 
is alive and carrying the function of respiration and metabolism generally. 
We have many observations (as yet unpublished) on the rate of metabolism 
in this period. The cells maintain themselves in full turgor. The plant 
presents the appearance of perfect health and vigour. The duration of this 
intermediate period varies among different individual seedlings, but is 
roughly, on an average, of about the same order as the duration of the 
growth period. This is the part of the seedling’s life cycle, under the 
described experimental conditions, which roughly corresponds to adult life 
in the whole life cycle under natural conditions. 

The termination of the intermediate period is marked by visible 
external evidences of the beginning of a series of physical and chemical 
changes in the plant which continue without interruption until the whole is 
dead. This part of the life cycle may be conveniently designated as the 
period of disintegration^ (Fig. i, B and E, and Fig. 2, C). Disintegration 

^ This terminology implies merely that we are dealing with a part of the seedling’s life cycle 
which fails, in iime^ between the period of growth on the one hand and the period of disintegration 
on the other hand. 

® Using the word in its literal sense. The normal biological integration of the cells, and of 
the plant body as a whole, is visibly altered as the processes leading to death begin. 



Fig. I. Seedlings of Cucumis melo grown in the absence of exogenous nourishments Each 
drawing shows a tube containing the purified agar medium at the bottom, in which the roots are 
growing, and above which is the straight upright hypocotyl, bearing tbe cotyledon at its upper end, 
A. Seedling in early stage of growth period, B. Seedling in late stage of growth period, c. Seedling 
in intermediate period. D. Seedling in early stage of period of disintegration (beginning of death), 
E. Seedling in late stage of period of disintegration. (All figures reduced.) 
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usually begins, under the conditions of the experiments, at the top of the 
hypocotyl Just below the cotyledon, and continues progressively downwards* 
In some plants, however, the external signs of disintegration may begin at 
the lower end of the hypocotyl. Usually the first evidence that the seedling 



Fig. 2. Diagram of the life cycle of a seedling of Cucumis melo under conditions described in 
the text (absence of exogenous nourishment). A. Growth period. B. Intermediate period, c. Period 
of disintegration and death. 


is beginning to die is the appearance of fluid in fairly large drops along the 
hypocotyl. Following this the stem becomes translucent, losing the ivory 
white opacity characteristic of healthy seedlings. It finally becomes limp 
and watery along its entire length and ultimately collapses to the bottom 
of the tube. The whole appearance is that of a gradual, but continuous^ 
sterile autolysis of the hypocotyl. In some cases the first symptom of 
beginning disintegration is the shrinking of some portion of the hypocotyl 
or cotyledons in diameter, but without the appearance of fluid on the surface. 
The shrunken area gradually extends along the hypocotyl and finally, just 
a day or two befoi-e the complete collapse, fluid does appear just as in the 
previous type of morbid change, and the end is general aiitolysis. The 
only end point which is definite enough to be useful in defining the end 
of this intermediate period is the appearance of the first symptoms of 
death. 

The whole life cycle of a seedling of C melo, so far as concerns its 
external morphology, then may be diagrammatically represented as in Fig. 
The embryo first grows (a) for a certain time and to a certain amount, both 
of which appear to be self-limited (i.e. by the internal organization of the 
plant, operating under the described conditions) ; it then lives for a time 
(b) in a steady state of equilibrium with its environment ; it then begins to 
.disintegrate and is finally completely dead (c). During the periods A and 
B \ if is physiologically doing three things of major importance, viz. 
(i)\drawing food materials from the cotyledons, {%) drawing water from the 
substrate through the roots, and (3) respiring. What is going on physio- 
logically in period c is imperfectly understood, and in fact constitutes one 
of thfe major problems of our investigations. 
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Under the experimental conditions just described the growth of the 
seedling and its duration of life should theoretically be proportional to the 
amount of available food stored in the cotyledons. The primary problem 
of the present paper Is to determine how strictly this relationship holds true. 
Specifically the questions we are asking are : 

I. If a portion of the cotyledons is removed surgically, will the 
performance of the plant in respect of growth and duration of life, be in all 
ways strictly proportional to the amount of the cotyledons left after the 
operation, the conditions of the experiments being such that no exogenous 
nourishment is available ? 

%, If not, what is the manner and degree of deviation from such strict 
proportionality ? 

Various workers have studied the dependence of the plant embryo 
upon endogenous and exogenous food materials in a quantitative way. The 
oldest method of study, that of Malpighi (12) and of Bonnet (2), was to 
remove the cotyledons of seedlings early in the germination process. 
Bonnet, for instance, noted that buckwheat plants thus deprived of their 
cotyledons were one-sixth the height of untreated plants after three weeks 
of growth and the same relationship persisted until the time of flowering. 

Later workers, notably Sachs (25), van Tieghem (27), Haberlandt (8), 
Meanard (15), Delassus (5, 6), and Dubard and Urbain (7), reduced the 
available food supply of the embryo by cutting away only a part of the 
endosperm or cotyledons, and grew such treated plants in comparison with 
untreated controls. Such experiments were carried out with small 
numbers of seeds ; usually with four degrees of mutilation at most ; growth 
records were meagre ; and the plants were grown in light. Sometimes the 
conditions were such that removal of part of the cotyledons not only 
reduced the food reserves but also reduced the assimilating surface, which 
complicates the problem by reducing the food supply in two ways. An 
excellent resume of the literature in this field up to 1919 was prepared by 
Kidd and West (11) and on that account it is not necessary to discuss the 
earlier work in detail here. They say of this work : ‘ The main facts which 
emerged from their results were, that the life-duration of the embryo plant 
in the absence of other food supplies was directly related to the amount of 
food material supplied from the cotyledon or endosperm, and that the size 
of all the organs developed also bore a direct relation to the amount of 
food material originally available.’ 

The work of Hamada (9) marks an advance in the analysis of the 
problem. He (loc. cit., p. 179) removed half of the endosperm from 
germinating oat seeds and allowed them to develop in darkness at 
together with controls. At twenty-four-hour intervals for eight days, samples 
of thirty to forty seedlings were removed and the lengths of mesocotyl, 
coleoptile, and primary leaf were measured. For the first two organs the 
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relation of length to age was represented by sigmoid curves which approach 
an upper growth limit asymptotically. The seedlings from whole grains 
elongated faster during the latter part of the growth cycle than did those 
from mutilated seeds and attained a greater final length. The data do not 
show any significant differences in length of time required for cessation of 
growth. During the period of time covered by his observations the growth 
rate of the primary leaf increased steadily, the mutilated seedling having 
the slower rate. Of the three organs, the mesocotyl, the first to develop? 
was least affected by the decrease in amount of reserves and the primary 
leaf was most affected. 

In one experimental series Shear (26) deprived peanut embryos of 
their cotyledons before germination, culturing the embryos on agar in 
darkness at 23°. In another series the cotyledons were not removed until 
the sixth day of growth, the plants being grown in sand at the same 
temperature as before. He says of these (p. 282) : ‘ The embryos with 
excised cotyledons grown to find out how long they were capable of living, 
probably died from desiccation rather than inanition. One, however, lived 
for one hundred and forty days before the agar dried up. This, when 
compared with the length of life (some twenty days) of peanut seedlings 
whose cotyledons were removed after six days’ growth, shows that the rate 
of metabolism at the time that starvation is induced has a marked effect on 
the length of life. The embryos are able to utilize their small reserve of 
food much more economically than seedlings with a much greater reserve.’ 
The increase in height and dry weight of peanut and bean seedlings 
(exclusive of cotyledons) grown in darkness follows sigmoid curves. Re- 
moval of cotyledons early in the growth cycle results in a lessened growth 
rate and a smaller final height. However, the rate of disappearance of oil 
is decreased also to such an extent as to make it appear that the food 
reserves are being consumed more efficiently than in the untreated 
control seedlings, A second type of study is represented by the culture 
of isolated seed embryos on nutrient media of varying concentration 
after the manner of Andronescu (1), Brown and Morris (3), and Buckner 
and Kastle (4). So far, the growth measurements in studies of this kind 
have been so limited that they do not have much bearing on the problem 
under consideration here. 


11. Methods. 

The cultural methods used in this experiment are identical with those 
used in other previously reported experiments carried out in this laboratory 
with the same material (17), and described in the preceding section. As 
a consequence the results of the several studies are directly comparable 
:with, each other. 
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In the present series of experiments, 145 C melo seeds of approximately 
the same weight were selected from the same melon to insure as uniform 
a genetic constitution as possible. After dry storage the testas were 
removed under aseptic conditions by gentle pressure applied with forceps* 
The shelled seeds were then sterilized by immersion for one minute, v/ith 
stirring, in a i : 1,000 solution of mercuric chloride, followed by rinsing in 
sterile distilled water, in such a way that each seed was not in contact with 
any other seed. Previous work (21) has shown that this procedure, followed 
by incubation on agar, is an especially advantageous way of obtaining 
a uniform lot of seedlings for experimentation. Ten groups of ten seeds 
each were taken at random, and in each group as nearly as possible the 
same proportion of the cotyledons was cut away with a sterile safety razor* 
blade, under aseptic precautions, and discarded, care being exercised to 
avoid injury to the embryo. In each of the ten groups a different pro- 
portion of the cotyledons was cut away, so that a series of operated seeds 
was available, ranging from the uninjured control seeds to seeds consisting 
of little more than an embryo and the bases of the cotyledons. Each seed 
was then individually weighed and transferred, radicle downward, to an 
agar surface in a culture tube, for incubation in darkness at 30® C. These 
tubes were 60 cm. in length and %o mm. in internal diameter, and each 
contained 40 c.c. of i per cent.' agar gel made up in distilled water and 
sterilized in an autoclave. The tubes were loosely stoppered. There is no 
evidence that the plants suffer from an accumulation of carbon dioxide or 
an oxygen deficit. Special ad hoc expeidments have demonstrated that 
when the tubes are aerated daily, by blowing air under pressure through 
them, the form and final heights and weights of the seedlings are the same 
as when the procedure here described is used. It was found in preliminary 
experimentation that the nucellar membrane tended to adhere to the 
cotyledons tightly enough to hinder the growth of the plant. For that 
reason it was removed with a hooked rod after the germination of the seed. 

At twenty-four-hour intervals the tubes were examined in a dark 
room, illuminated only by a photographically inactive ruby light. The 
height of the hypocotyl was measured in centimetres and tenths by 
applying a scale to the side of the glass tube. At the conclusion of the 
experiment each seedling was cut up into cotyledons, hypocotyl, and roots, 
and after drying to constant weight at 98° C., the weights of each organ 
were recorded. 

While the plan of the experiment was to have ten seedlings in each 
series, this intention was not completely attained, because of accidents 
which one normally expects in such experimentation. The failures of the 
numbers in certain of the series were due to such things as imperfect germina- 
tion, failure of precise geotropic response, resulting in some of the roots 
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growing in the air and failing to penetrate the agar, failure of thehypocotyl 
to straighten, &c Such abnormal seedlings were discarded, so as to leave 
only normal, typical specimens for the records. 


III. Results. 

A. General Obse^'vations, 

According to the data presented here, the behaviour of the seedlings 
was modified greatly by the amount of food materials remaining after the 
operation. There is no evidence of any sort of shock effect as a result of 
the operation. 

Table I gives raw data observed in the experiments in summarized 
form. In this, table the column headings are self-explanatory, except that 
it should be understood that by ^ mean total duration of life * is meant the 
average number of hours from the planting of the seed up to the beginning 
of death, i.e. to the time of appearance of the first symptoms of beginning 
disintegration of the plant. The duration of the intermediate period is 
from the time the growth of the hypocotyl in length ceases (i.e. the attain- 
ment of constant length) to the beginning of death as above defined. 

The form of the mean growth curves in each series is shown in Fig. 3. 

It is apparent from Fig. 3 that the growth curves in these experiments 
exhibit the characteristic sigmoid form of the logistic. As a matter of fact 
logistic curves have been fitted to these observations, and their constants 
will be discussed in a later section of the paper. 

While it is evident that the mean length of the hypocotyl is greatest in 
the control series ; least in Series I, with the greatest amount of cotyle- 
donary material removed ; and intermediate between those two extremes 
in the other series in inverse order to the amount "of the cotyledons 
removed, it is impossible to judge visually from the diagram as to the 
proportionality between total growth of hypocotyl and available food. We 
may therefore turn to the consideration of : 


B. Relative Performance of the Seedlings in Relation to 
Available Food, 

We shall proceed at once to a direct examination of the answers that 
the data appear to give to our questions set forth above. In later sections 
other results of general interest will be discussed. 

Table II, which is derived from the raw data of Table I, puts the 
material in convenient form for the formation of judgements as to whether 
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the performance of the plants in respect of growth and life duration is 
proportional to the amount of food material available, and the nature of 
the deviations from strict proportionality. The plan of Table 11 is to take 



Fig. 3. Growth curves for the several experimental series, showing the mean length of the 
hypocotyl at each age. The observations are given as circles. Each curve is carried, in the 
diagrams, only to the point where growth has ceased, i.e. where there is no further elongation of 
the hypocotyl. 


the observed value of the controls as 100 per cent., for each variable, and 
then express the mean values for each experimentar series derived from 
operated seeds as percentages of the control values. At the beginning of 
the table stands a column giving relative (percentage) amount (in heavy 
type) of the seed left after operation in each series (mean values). These 
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figures indicate the relative amount of food available for the seedling for 
growth and the continuance of life. Each subsequent column of the table 
is to be compared with this first one. 

From the data of Table II the following points emerge: 

1. Excepting the dry weight of the cotyledons at the end of the 
experiments, no measut'ed character of the plant upon which observations 
were taken exhibits relative values in the several series even remotely 
accordant with the proportionate amount of available nourishment in the 
seeds planted, as shown in the second column of Table 11 . This statement 
is true both for growth characters and for duration of life. 

2. In all cases, again excepting the final dry weights of the cotyledons, 
the relative performance of the plant is consistently greater than would be 
expected on the basis of strict proportionality to the amount of food left 
in the operated seeds planted. Thus, for example, in Series 6, the mean 
weight of the operated seeds planted was 40-3 per cent, of that of the 
normal, unoperated, control seeds. But the hypocotyl at the end of the 
growth period in Series 6 was 63*1 per cent, of that attained by the normal 
controls ; the dry weight of the hypocotyl at the end of the experiment 
was 54-0 per cent. ; the dry weight of the roots was 78*8 per cent. ; the dry 
weight of the hypocotyl + roots was 58-ij per cent., and the dry weight of 
the whole plant %vas 53-0 per cent. Furthermore, the mean duration of the 
growth period in Series 6 was 927 percent, of that in the controls, although 
the mean weight of the seeds planted was but 40*3 per cent. ; the duration 
of the intermediate period in Series 6 was 56-8 per cent, of that in the 
controls ; and the total duration of life (to the beginning of death) was 
72-6 per cent, of that in the controls. 

The general results described in i and 2 above are of such a striking 
character that it will be well to examine them in some detail. The 
significant trends of the results are shown graphically in Fig. 4, where six 
diagrams are plotted from the data of Table IL These diagrams are all 
drawn to the same scale and on the same plan. In each case the line along 
the lower edge of the black area is the graph of the figures in Column (a) 
of Table II, and represents the mean relative weights of the seeds planted 
in the several series in the experiments. The line forming the upper edge 
of the black area in each case is the graph of the column in Table II 
dealing with the variable indicated in the diagram. The black area, as 
a whole, then depicts in each case the excess in mean relative performance 
of the plant over expectation, on the basis of relative amount of available 
food, in respect of the indicated growth or duration of life variable. The 
several series are spaced along the abscissal axis in accordance with the 
mean absolute weights of the seeds planted. Where a series showed a 
relative deficiency below expected performances, the included area is lined 
instead of being solid black. 



587 



sS er/es 




Fig. 4. piagrams comparing the performance of the seedling plants with the amount of 
available nourishment (mean weights of planted seeds) in respect of : A, hypocotyl length ; B, dry 
weight of hypocotyl ; c, dry weight of roots ; D, duration of growth period ; E, duration of inter- 
mediate period; F, total duration of life. For further explanation see text. 
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From Fig, 4 and its underlying data the following points may be 

observed : 

1. The performance of the seedlings in respect of length of hypocotyl 
at the end of the growth period, tends to be relatively more in excess of 
expectation from the amount of food available, in those series where the 
larger amounts of the cotyledon had been removed surgically, with the 
exception only of Series i. The actual percentage excesses (Column (b)~ 
Column (a), Table II) are as follows: Series i, +1-9; Series 2, +13-4; 
Series 4, 4-19-9; Series 5, 4-23-9; Series 6, 4-22*8: Series 7, 4-19*7; 
Series 8, 4-16*4; Series 9, 4-ii-o; Series 10, +7*5. Leaving out of 
account Series i, 9, and 10, the hypocotyl lengths are from about 13 to just 
under 24 per cent, in excess of the values expected from strict proportionality 
between performance and available food. The greatest excess performance 
for this variable are found in Series 5 and 6, from which about 69 and 60 
per cent, of the cotyledons had been surgically removed. 

2. The relative excess in final dry weight of the hypocotyl shows 
comparatively little variation in the several series after Series 3, The 
actual percentages of excess performance (Column (c) — Column (a), Table II) 
are; Series i, 4-i*5; Series 2, 4 - 4 * 7 ; Series 3, 4 “ 5 * 4 j Series 4, 4-9-2; 
Series 5, 4 - 7*5 ; Series 6 , 4-13*7 ; Series 7, 4-6*1 ; Series 8 , 4 * 7*3 5 Series 9, 
4-13-0; Series ic, 4-io*2, There is evidently no close correlation in the 
performance of the plants between length and final dry weight of the hypo- 
cotyl, except in the fact that in all series there is an excess performance in 
respect of both variables, over the expectation on the basis of strict pro- 
portionality to available food. 

3. The final dry weights of the roots give a quantitatively different 
picture (see Fig. 4, c) from the hypocotyl. There is excess performance 
over expectation, but it is generally much greater in amount than in the case 
of the hypocotyl. The actual percentages for excess performance in final 
dry weight of roots (Column (d) — Column (a), Table II) are as follows ; 
Series i, 4-6-I ; Series 2, 4-7*4 ; Series 3, 4- n-i ; Series 4, 4- 11-6 ; Scries 
5, 4-17-6; Series 6, 4-38*5; Series 7, 4-7-9; Series 8, +24-1 ; Series 9, 
4-40*4; Series 10, 4-34*4. The value for Series 7 seems clearly to be out 
of line with those on either side of it. We are at a loss to account for this. 
The separate determinations for each individual seedling are imifoi*mIy 
consistent in showing low values. In general the excess of relative per- 
formance over expectation in respect of final dry weight of roots was 
greatest in the series numbered 6 and above. These were the series from 
which less than 60 per cent, of the cotyledons (by weight) had been 
removed. The figures of Tables I and II show plainly that one effect of 
the operative procedures was to alter the proportions of hypocotyl and 
roots to each other in the completely grown seedlings* This point will be 

' discussed in a later section. 
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4* Since there is an excess performance of the operated seeds over 
expectation on the basis of available food for hypocotyl growth and for 
root growth, each considered separately, there obviously is bound to be an 
excess performance in the growth of both organs when taken together, 
hypocotyl + roots* The actual percentages for excess performance in final 
dry weights of hypocotyl s *f roots (Column (e) — Column (a), Table 11) are : 
Series 1, Series 2, +5*2; Series 3, -f < 5-4 ; Series 4, +9-6 ; Series 5, 

4 - 9-2 ; Series 6, + 17-9 ; Series 7, + 6*4 ; Series 8, -f lo-s ; Series 9, 4- 17*5 ; 
Series 10, +14*3. 

5. In the light of preceding results the final dry weight of the cotyle- 
dons in the operated seeds would be expected to show a systematic relative 
defect from the controls, having regard to the amounts removed in each 
series by operation, since we are dealing with a closed system in which all 
the material making up the dry weight of the grown seedling (hypocotyl 4- 
roots) was derived by metabolic translocation from the stored food reserves 
in the cotyledons at the start, and since, as has been shown, the seedlings 
in all the operated series exhibit an excess performance in final dry weights 
of hypocotyl + roots. In a general way the dry weights of the cotyledons 
show the expected result, but not as clearly and regularly as might be 
desired* The experimental difficulties here are considerable. The cotyle- 
dons at the end of the experiment are, in the first place, absolutely small, 
and, in the second place, difficult to dry accurately to constant weight, 
owing to their structure and physical consistency. The actual percentage 
deviations from expectation in this variable (Column (f) — Column (a), 
Table II) are as follows : Series i, —o*8 ; Series s, 4- 2-7 ; Series 3, 4-1*4; 
Series 4, —4*4 ; Series 5, — 6-7 ; Series 6, 4-2-0 ; Series 7, —1*8 ; Series 
8, +3*2 ; Series 9, -9-2; Series 10, -“0*7. Thus six of the ten operated 
series show a defect (— sign), and four an excess. The negative (defect) 
percentages sum to -23-6, while the positive (excess) percentages add to 
only +9*3. 

6. The final dry weights for the whole plant (hypocotyl 4- roots 4- 
cotyledons) show a relative performance in excess of expectation on the 
basis of available food in each of the operated series, as would be expected 
from what has preceded. 

7 . We come now to the consideration of total duration of life of the 
seedlings, and duration of each of the two principal components of the life 
cycle, the growth period, and the intermediate period. Considering first the 
growth period, it is seen from Fig. 4,D that, in all the operated series with- 
out exception, this was greatly prolonged beyond expectation, considering 
the performance of the controls and the amount of food available for the 
growth of the operated plants. The actual percentage of excess per- 
formance in duration of the growth period (Colum (h)— Column (a). 
Table II, are : Series i, 4-65*2 ; Seines 2, 4“59*9 ; Series 3, 4'65*2 ; Series.^, 
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+ 51-8; Series 5, +537; Series 6 , +5^*4; Series 7, +52^-8; Series 8, 
4-39.5; Series 9, +3^*0; Series lo, +10-9. These are high values, and 
show plainly how great is the relative prolongation of the growth period in 
the operated plants. It will be further noted that there is a definite trend in 
the results, indicating that the greatest relative prolongation is in the 
earlier series, where the greatest amount of cotyledonary material was re- 
moved by operation. 

8. The intermediate period of the life cycle, between the end of growth 
and the beginning of disintegration and death, also shows relative prolonga- 
tion over expectation in the first eight series of operated plants inclusive « 
In Series 9 and 10 the intermediate period is less long than would be 
expected considering the performance of the controls and the amount of 
food available. The actual percentages of excess (or defect) performance 
(Column (i) — Column (a), Table II) are as follows: Series i, 

Series 2, 4- 40*5; Series 3, 4* 43-6 ; Series 4, 4-3i‘8; Series 5, 4-33*2; 
Series 6, 4* 16-5; Series 7, >fi4*2; Series 8, 4'iO’i; Series 9, —1-4; 
Series 10, — 19-9: It is evident that the greatest relative prolongation of 
the intermediate period is in the earlier series, from which the greatest 
amount of cotyledonary material was removed by operation, just as was 
the case for the growth period. The amount of this prolongation is large 
in the first five series grown from operated seeds. 

9. The total duration of life, from planting to the beginning of death 
(growth period 4- intermediate period) is relatively prolonged over expecta- 
tion, as necessarily follows from what has preceded, in all the series of 
plants grown from operated seeds except the last, Series 10. The actual 
percentages of excess performance (Column (j) — Column (a), Table II) 
are: Series 1, 4-64*0; Series 2, 4-49*1 ; Series 3, +53*1; Series 4, ■f40“6 ; 
Series 5, +42‘2; Series 6, 4-32*3; Series 7, 4-31*0; Series 8, 4-23*0; 
Series 9, +13*3; Series 10, --6*3, 

10. The significance of the results regarding duration of life may be 
jnade apparent in another w^ay. If the control seedlings had lived as long 
in proportion to the food they had available as did the seedlings in Series i, 
their mean total duration of life would have been slightly over 6,060 hours 
instead of the 816 hours which they did live. In other words, the life of the 
seedlings in Series i was prolonged nearly seven and a half times mote pro- 
portionately than that of the normal control seedlings. Shear ( 26 ), as 
already noted on p. 580 supra, reports greatly increased duration of life of 
peanut seedlings, under the conditions of his experiments, from which the 
cotyledons had been excised. 

The more general discussion of the results so far set forth will be 
deferred to a later section of this paper, after certain other relations have 
'been examined.' 
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C. Relative Proportions of Hypocotyls and Roots in Seedlings from 

Operated Seeds. 

In the preceding section it was pointed out that the final dry weight 
figures indicated that the seedlings from operated seeds had developed a 
heavier root system in proportion to the hypocotylj or to the total plant, 
than had the controls. We may now examine this point in detail* Table III 
gives the percentages which the final dry weights of the hypocotyl and the 
roots respectively are of the final dry weights of the whole plant. 


Table II L 

Percentages of (a) Hypocotyl a7id (b) Root Fmal Dry Weights to Final 
Dry Weight of the Whole Seedling. 


Series. 

Hypocotyl. 

(a) 

Roots. 

(b) 

I 

57-0 

1 6-3 

2 

57-1 

13*3 

3 

57-5 

14*4 

4 

63*8 

13*9 

5 

61.6 

15*8 

6 

57*1 

17-0 

7 

5S-5 

12-3 

8 

55*5 

14*2 

9 

58-8 

157 

10 

56-5 

I4'3 

Controls 

56*0 

1 1-4 


The figures of Table III bring out what was clear from direct observa- 
tion of the plants in the experiments as they were growing, namely, that the 
root systems in the operated series were larger and bore more and longer 
lateral rootlets than in the controls, or than unoperated canteloup seedlings 
in other experiments grown under the same conditions. In this respect the 
operation has had the effect of altering the normal and usual morphological 
pattern of the seedling. 

Table III also brings out another point consilient with the results 
recorded in the preceding section. Those results indicated that the per- 
formance of the operated seedlings in respect of growth was uniformly in 
excess of expectation on the basis of strict proportionality of available food, 
in regard to both hypocotyl and roots. This can only mean that the 
operated seedlings translocated metabolically a larger proportion of the 
plastic food material of the cotyledons to both hypocotyl and roots than 
did the normal controls. Table III shows, as it should, that not only do 
the roots in the operated series exhibit a higher proportion of the final dry 
weight of the whole plant than in the controls, but also the hypocotyls in 
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the operated series show small, but consistently (Series 8 forming the only 
exception) higher percentages of the final dry weight of the whole plant. 
This leads us to the consideration of : 


D« The Relative Metabolic Translocation of Material from Planted 
Seed to Completely Groivn Seedling. 

In Table IV are shown the percentages which the final dry weights of 
hypocotyl -I- roots are of the weight of the seeds planted^ the means of 
Table I being used for the calculations. 

E IV. 

Percentage. 

48-8 

537 
52.5 

55*0 
5I“4 
57*4 
44*9 
46-6 
48-8 
46*0 

397 

It will be understood, of course, that the figures of Table IV have no 
particular absolute significance. Whatever meaning they have derives from 
their comparative values among themselves. The percentages are computed 
by the following formula : 

100 (Final dry weight of hypocotyl + roots of seedling) 

Weight of seed planted 

The weight of the seed planted is made up of two components : {a) the 
embryo, and {b) the cotyledons. Furthermore, the weight recorded is a 
fresh weight and includes the normal water of organization of the ordinary 
air-dry, ripe, stored seed. So the comparison is obviously defective from 
the standpoint of absolute values. But it seems probable, as a rough first 
approximation, that the water in the seeds planted bears a reasonably 
constant proportion to their total weight, and that the weight of the embryo 
similarly forms an approximately constant proportion of the total weight of 
the seed planted. 

With these reservations and assumptions in mind it is seen from 
Table IV that the final dry weight of the grown plant (hypocotyl + roots) 
bears consistently a higher proportion to the weight of the seed planted in 
all the operated series than in the controls. The differences range from 5 a 


Series. 

I 

3 

3 

4 

5 

6 

7 

8 

9 

10 


Control 
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to i7»7j and the consistency of the results is impressive. Furthermore, it 
is noteworthy that the differences are generally larger in the first six 
operated series, in each of which more than half of the cotyledons was 
removed by operation, than in the last four operated series. Shear (26), in 
his starved peanut seedlings, found evidence of a more efficient use of oil 
reserves than in the normal seedlings. 

From these results it may be tentatively inferred that the operation 
acted per se as a stimulus to the more efficient metabolic transference of 
plastic food material from the cotyledons to the growing seedlings than that 
normally occurring in the unoperated plant. 

E. Some Characteristics of the Growth Curves. 

As has already been stated above, the growth curves for elongation of 
the hypocotyl (Fig. 3 ) were graduated (by the method described in Pearl 
(19)) with logistic curves having the general equation 

K 

^ I + O’"* 

In this equation y == seedling height (length of hypocotyl), K == the 
final asymptotic height, x = age of seedlings, and C and r are constants 
respectively defining the position and steepness (growth rate) of the curves. 
The simple logistic equation used gives rise to symmetrical curves. While 
certain of the series could have been more closely fitted by skew logistics 
(with power terms in the exponent of e) the symmetrical fits were adequate 
for the present purpose, which is to compare the constants K and r in the 
several series. 

The values of these two constants are given in Table V. 

Table V. 


Constants of Logistics. 


Series. 

Mean weight of 
seeds planted 

K 

r 

I 

(mg-)- 

2*03 

1*69 

-0-556 

2 

2*96 

3-96 

-0-758 

3 

4 ‘ 0 O 

4-86 

“0-682 

4 

5*07 

6-35 

“■ 0*740 

5 

6*38 

7-83 

-0*697 

6 

8*21 

8-95 

-0-658 

7 

9*98 

974 

-0*581 

8 

13*03 

10*70 

- 0*634 

9 

15-57 

12*39 

-0*587 

10 

18-42 

13*88 

-0-576 

Controls 

20-37 

14*17 

-0-587 
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From the data of Table V we note the following points : 
i« The mean asymptotic heights of the liypocotyls in the several 
series {K) increase logarithmically with the mean weight of the seeds 



Fig. 5. Valnes of K from logistic equations (circles) and fitted curve. 

planted, according to the following equation, which was fitted to the data 
by least squares : 

K = -1*536 + 0.1097 10-3451 

where w is the weight of the seed planted. That the relationship is a close 
one is clearly shown in Fig. 5. 

This curve may be interpreted physiologically to mean that the larger 
amount of the cotyledons removed by operation the more efficiently the 
plant transferred plastic material from the stored reserve and laid it down 
in the growing seedling. In short the curve confirms from another angle 
the results reached in earlier sections of the paper. 

2. The value of r, which may be taken to measure the inherent growth 
rate (see, in this connexion, Reed and Pearl ( 24 ), and Merrell ( 14 )), decreases 
arithmetically with increasing weight of seed planted. That is to say, the 
larger the amount of the cotyledons removed by operation, the more rapid 
was the inherent growth rate, with Series i alone forming any marked 
exception to this rule. Again we see an apparent stimulating effect of the 
operation per se^ this time upon growth rate in time. 

3. As a necessary correlate of the result set forth in the preceding 
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paragraphs the abscissa of the point of inflection — that is, the age of the 
seedling at the instant when the grovyth is most rapid per unit of time- 
increases with the weight of the seed planted. With some fluctuations 
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Fig. 6. Abscissae of the point of inilectioni (circles) of the logistic curves fitted to the 
several experimental series, and fitted straight lines. 


due presumably to experimental and observational errors, the relationship 
between these two variables appears to be linear, and to follow the equation : 

/ = 4*3Zi +0-0580 w, 

where I denotes the point of inflection (in days of age) and w is weight of 
seed planted. Fig. 6 shows the result graphically. 

The marked postponement of the period of most rapid growth as 
smaller and smaller amounts of the cotyledons are removed by operation is 
apparent, culminating in the control series at the end, which took the 
longest time of all to attain its maximum rate of growth. 

IV. Discussion. 

The experimental results presented above appear to be clear-cut and 
consistent. Under experimental conditions so organized that each seedling 
of Cucumis melo has as sources of material and energy for its vital activities 
only what is stored within the seed from which it is itself derived, plus 
water and air, it goes through an abbreviated life cycle divisible into 
three characteristic phases or periods, viz. {a) the growth period, (5) an 
intermediate period of integrated maintenance of life, and {c) a period of 
disintegration and death. The seedlings form hypocotyls and roots onlyt 
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and the hypocotyl grows in length according to a logistic curve. In the 
closed system of the experimental conditions, and with the extreme care 
used to obtain uniformity of conditions, the seedlings are extremely con- 
stant, i.e. exhibit little variation among themselves, in respect of all their 
vital activities, growth, duration of life, &c. 

It is shown In the present paper that if, prior to planting and rearing 
under described conditions, the seeds have different measured amounts of 
tissue removed under aseptic surgical precautions from the distal ends of 
the cotyledons, the subsequent performance of the seedlings in respect 
of both growth (however measured) and duration of life (either in total or 
In each of its component parts separately) is not proportional to the amount 
of plastic food material available in the cotyledons after operation, but is 
instead considerably in excess of expectation on the basis of strict propor- 
tionality. The observed results warrant the statement that operative pro- 
cedure has stimulated the seedlings to super-normal performance in growth 
and longevity. 

But to say that the operative procedure has ‘ stimulated ^ the seedlings 
is merely to describe the observed facts in different words. It really tells 
nothing new or significant about the physiological processes involved. 
What appears to'^be the important physiological fact is that in the seedlings 
derived from operated seeds there is a more extensive and ejfficient meta- 
bolic translocation of plastic food materials from the cotyledons to the 
plant than occurs in the normal, unmutilated individual. Furthermore, 
within limits, this effect is greater in proportion as the operative removal 
of cotyledonary tissue is more extensive. 

These observations imply, as a corollary, that the seedlings from a 
normal, unmutilated seed do not wjthdraw from the cotyledons the total 
amount of available, plastic food material there stored. Instead growth, 
and later in turn, life itself, come to an end in normal seedlings leaving 
behind in the cotyledons material for further growth and longer living 
respectively. In short, in the normal organization pattern of the plant 
there is an excess of stored plastic material in the cotyledons, constituting 
what Meltzer (13), in the essay which has become a classic of animal 
physiology, has called a ‘ physiological factor of safety \ Meltzer discussed 
many examples of this in the animal economiy, and showed that under condi- 
tions of exceptional physiological stress or difficulty the reserves con- 
stituting the factors of safety could be, and readily were, drawn upon by the 
organism. For example, after the removal of one kidney from a normal, 
healthy animal the amount and composition of the urinary secretion remains 
practically unaltered, even soon after the operation. That is, the remaining 
kidney is able to do twice its normal amount of work. The abilit}^ of the 
human organism under exceptional conditions, to utilize its normally un- 
tapped reserves has been discussed in a famous essay by William James (10). 
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Under normal conditions the general integration of the organism as a 
whole appears to produce an inhibiting effect upon the free and unlimited 
use of the reserve factors of safety in such processes as growth^ for example* 
If canteloup seedlings are grown under conditions Identical with those 
described in this paper, save in the one respect that they are grown in the 
light, growth in length of the hypocotyl is much inhibited. That is, of 
course, a phenomenon well known to all plant physiologists. The alteration 
of the normal integrated pattern of the plant by the operative procedures 
used in the present experiments appears to have removed to a considerable 
degree the usual inhibitions in respect of utilization for growth and dura- 
tion of life of the stored reserves of food in the cotyledons. 

Work along the lines described in this paper is being continued, with 
the object of further analysing the physiology of the excess relative per- 
formance of seedlings from operated seeds. 


V. Summary. 

The principal results of this study may be summarized as follows: 

Under aseptic precautions portions of the cotyledons of C, melo 
were removed surgically. The amounts of cotyledonary tissue so removed 
ranged from about lo per cent, to about 90 per cent. These seeds 
were then planted and grew in the dark at constant temperature under 
sterile conditions so arranged that the growing plant was dependent solely 
upon endogenous nourishment (plus water and air), and their performance 
in respect of growth and duration of life was compared with that of normal 
seedlings from unoperated seeds grown under the same conditions. 

The growth of the hypocotyl in length was in excess of that 
expected from the available food in all of the series from operated seeds, 
by amounts ranging from approximately % per cent, to 34 per cent. 

3. The same relative excess performance over expectation from pro- 
portionality to available food was also exhibited in all the series from 
operated seeds, in respect of final dry weight of the hypocotyl (by amounts 
ranging from i«5 per cent, to 13*7 per cent) ; in the final dry weight of the 
roots (by amounts ranging from 6*i per cent, to 40-4 per cent.); in the 
hypocotyl 4- roots ; and in the whole plant, hypocotyl + roots 4- cotyledons. 

4.. The same relative excess performance following operation was also 
found In respect of the duration of the growth period (by amounts ranging 
from 10*9 per cent, to 65*2 per cent.) ; in the duration of the intermediate 
period of the life cycle, except in the two series from which the smallest 
and next smallest amounts of cotyledonary tissue had been removed (by 
amounts ranging from io*i percent, to 63*1 percent); and in the total 
duration of life of the plant, except in the one series from 
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smallest amount of cotyledonary tissue had been removed (by amounts 
ranging from 13-3 per cent, to 64 per cent.). 

5. The root system made up a higher proportion than normal in the 
seedlings grown from operated seeds. 

6. The final dry weight of hypocotyl + roots bore a higher proportion 
to the initial weight of the seed planted in the seedlings from operated 
seeds than in the normal controls, whence it is inferred that the metabolic 
translocation of reserve food material from the cotyledons to the growing 
plant was more efficient than in the normal unaltered seedling. 

7. The larger the amount of cotyledonary tissue removed by opera- 
tion the more rapid was the inherent growth rate of the seedling per unit 
of time. 
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The Chromosomal Relationships in the Swede and 
Turnip Groups of Brassica. 


BY 

D. G. CATCHESIDE, M.Sc. 

{Botany Department^ University of London^ Kinfs College i) 

With seventy-two Figures and two Diagrams in the Text. 

Introduction. 

T^RASSICA napits L. (swede) and B. rapa L. (turnip), as defined by 
Hegi ( 11 ), are species that include a wide range of forms, exhibiting 
very often parallel modifications of habit and structure. Within each 
natural group the forms freely intercross, giving fertile hybrids, but crosses 
between forms one from each group are more difficult of attainment, and 
the hybrid is correspondingly more sterile. 

A cytological study of these two groups was undertaken to elucidate 
certain genetical, cytological, and agricultural problems. These are re- 
spectively (i) the relationship of swede, swede-like rape, and bulbless bolter 
(a rogue appearing in crops) ; (2) the truth of assertions that certain turnips 
(Fosterton Hybrid and The Bruce) have swede ancestry ; (3) the possibility 
of combining swede and turnip by hybridization to produce a new amphi- 
diploid species (actually accomplished by Frandsen and Wage, 1932 ( 7 )) ; 
(4) the reason for duplicated factors governing certain swede characters 
and the similar occurrence of multiple factors in B. oleracea ; (5) the reason 
for the different basic numbers shown by the two groups. Our previous 
knowledge is dealt with in the discussion in relation to the new facts brought 
out by this study. 

The study was commenced in the Department of Botany at the 
University of Glasgow in 1929,- at the suggestion of Professor J. M. F. 
Drummond, and completed at the University of London, King’s College^ 
during 1931. 

Materials and Methods. 

Almost all of the seeds and plants used were obtained from Dr. V. McM. 
Davey of the Scottish Society for Research in Plant-Breeding at Cor^brphine, 

1 AimalsofBotany.VoI.XLVni.No. CXCI,Jiily,iQ34.} _ ^ , 
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They consisted chiefly of pure lines or pedigree crosses made by him^ to- 
gether with a few seeds direct from commercial sources. Three half»buibed 
bolterSj from a swede crop, were received from Dr. D. G. O’Brien of 
the Agricultural College, Glasgow, through the agency of Professor Drum- 
mond ; two were examined cytologically and one was sent to Corstorphine 
for use in genetical studies. They proved to be swede by swede-like rape 
hybrids. 

Root-tip material was obtained by germinating seeds on damp filter 
paper in Petr! dishes. Germination is rapid and tips are ready in two or 
three days. Fixations were made with Bouin, Carnoy, Navashin, and 
various modifications of Flemming’s fluid, including 2 B(La Cour, 1931 (17)). 
A Flemming modification, rather like that recommended by Taylor for 
smears (see McCliing, 1930 (26)), proved very useful Its formula is : 

osmic acid 2 per cent. 1*5 c.c. 

chromic acid 10 per cent. 3 c.c. 

acetic acid 10 per cent. 2 c.c. 

water 10 c.c. 

maltose ca. 0*2 grm. 

Penetration is rapid and the general fixation is perfect; somatic metaphase 
plates show the chromosomes well spaced and without any sign of clumping. 
The root-tips were cut at 15 /x. 

Preliminary inspections of meiosis and also counts of chromosomes 
were made from mounts in Belling’s iron aceto-carmine fluid. The details 
were studied exclusively in permanent smears fixed in strong, medium, 
or a modified Flemming fluid. 

All permanent preparations were stained with iodine gentian violet, 
Newton’s technique being followed. 

Number and Morphology of the Somatic Chromosomes. 

Table I summarizes the results for all the forms, except the inter- 
group hybrids; the list emphasizes the relationship shown between the 
members within each of the main series and confirms Karpechenko’s(i922) 
(14) counts in similar forms. In particular the numbers show that The 
Bruce and the Fosterton Hybrid turnip are true turnips. Both these have 
been popularly supposed to be derivatives of a turnip by swede hybrid. 
Findlay (1931) (6) believes there may be some basis for this idea in the 
case of The Bruce, but the cytology is incompatible with this particular 
hybrid ancestry. 

An inspection of Figs, i-io (swede group) and of xi-17 (turnip 
group) will demonstrate also the very close morphological agreement 
existing between the chromosomes of members of the same group. The 
attachment constrictions can be made out in all the chromosomes except 
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Table I. 

List of Chromosome Numbers, 



Variety. 

Somatic 

No. of bivalents 

Swede Group. 

number. 

at meiosis. 

Swedes : yellow flesh 

Improved purple top 

36 

— 


Mervue 

36 

18 


Superlative 

36 

18 


Improved tankard brown top 

36 

x8 


Darlington 

36 

18 


Improved green top 

36 

18 

white flesh 


36 

18 

Bulbless bolters 

BObba 

36 

iS 


BPa 

36 

— 


KB 

Dr. O’Brien’s bolters from com- 


18 


mercial stock 

— 

18 

Winter swede rape 


36 

18 

Rape kale 

Hybrids 

swede x bulbless bolter (ex- 

36 

— 

tracted form) 

36 

— 


swede x swede rape Fj 

— 

18 


swede rape x swede Fj 

— 

18 


swede rape x bolter (BO) Fi 

— 

18 

Turnip Group. 

Turnips 

swede x bolter (BO) F^ 

Lincolnshire red globe, white 


18 

flesh 

20 

JO 


Centenary green top, yellow flesh 

20 

10 


The Bruce 

20 

— 


Fosterton Hybrid turnip 

20 

— 

Turnip rapes 

Winterrlibsen 

20 

— 

Sommerriibsen 

20 

— 


a few very tiny ones, in which it may be terminal. No supernumerary 
constrictions or trabants have been observed. Similar chromosome types 
may be observed in members of the swede and the turnip alliance ; but the 
frequency of the types is different. The resemblances and differences may 
be summarized as follows : 


vSwede group Turnip group. 


Somatic number (diploid) 36 20 

Short (o*5 ft) chromosomes 4 2 

Long (2 ft) chromosomes, with nearly 
median attachment 4 2 

Medium-length (i-i*8 ft) chromosomes, 
with median attachment 16 10 

Medium-length (1-1*8 ft) chromosomes, 
with subterminal attachment 12 6 


If the swede be regarded as a numerically tetraploid form compared 
with the diploid B, oleracea {%n = 18), the turnip may be looked upon as 
a diploid, tetrasomic in respect of one chromosome type. A hybrid between 
the two, on the supposition that both regularly form bivalents, may be 
ei^p^’V^d to show ten bivalents and eight univalents, as the mimmuiB 
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possible association ; it is not improbable, however, that trivalents would 
be formed in greater or less degree. 
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Figs. i-io. Somatic chromospmes in polar metaphase. Fig. i, purple top swede (IPaaa) ; 
fig. 2f superlative swede, soft purple top (SUbada) ; fig. 3, Tankard bronze top swede (ITabca) ; 
fig. 4, Darlington, swede, light bronze globe (DLaa) ; fig. 5, green top swede (IGaabc) ; fig, 6 
white flesh swede (WFba) ; fig. 7, bulbless bolter (BObba); fig. 8, bulbless bolter (BPa) ; fig* (/ 
winter swede rape (.Dfs) ; fig. 10, Fg of the hybrid, swede x bulbless bolter (BOb), All x 3,300’ 


Meiosis. 

Szvede Group. 

AH the members of the group (swede strains, rapes, and bulbless 
bolters, together with the hybrids between them) are remarkably alike in 
the closest details of meiosis, ' At diakinesis, except in rare instances, there 
are' eighteen, bivalents' in the 'nucleus, together with the 'oudeolus (Fig^^S- 
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ao). The forms of the bivalents are various, and regular size differ 
similar to the differences shown in the somatic chromosomes, may be 



Figs. Somatic chromosomes in polar metaphase. Fig. ii, winter turnip rape 

(Winterriibsen) ; fig. 12, summer turnip rape (Sommerriibsen) ; fig. 13, Lincolnshire red globe 
turnip; fig. 14, Centenary green-top, yellow flesh turnip; fig. 15, The Bruce; fig. 16, Fosterton 
Hybrid turnip (ex Bell); fig, 17, Fosteiton Hybrid turnip (ex Sharpe). Figs. 11-14, x 3,300; 
figs. 15-17, X 4,000. 

The chromosomes at the eariier stages of prophase are too small for study 
and, moreover, do not fix particularly well. It is evident, however, from 
their later history that chiasmata are established interstitially and undergo 
terminal movement. Opening out of the loop containing the attachment 
constrictions is usually carried to its extreme limit, with the result that the 
two chromosomes of a bivalent are held together by terminal chiasmata, *, 
either one or two in number. Hence, both rod and ring bivalents result, ? 
the number of the former being about 5 to 7 or 8, and the latter some 10 
or II to 13. But not all of the chiasmata terminalize fully, and they are 
therefore more or less interstitial at diakinesis and metaphase I. When the 
chiasma is but slightly interstitial, the distal portion of the chromosome is 
very minute ; its position is then difficult to demonstrate directly, but may 
be inferred from the slight lagging shown at anaphase (Fig. 43). More 
markedly interstitial chiasmata are shown in several instances in the 
drawings of diakinesis (Figs. i8-~i:j 3) and anaphase (Figs. 46-^8). Finally, 
it must be noted that the bivalents are uniformly spaced out at raid- 
diakinesis and that there is no sign of any mutual attraction between them. 
Exceptionally, chain or ring quadrivalents or trivalents or univalents may 
be present ; these will be dealt with later on. 

At the first division metaphase, a variable number of bivalents are 
secondarily paired. Secondary pairing may be described as pairing at 
metaphase resulting from a generalized attraction between bivalents re- 
lated phylogenetically, though distantly. It is therefore characteristic of 
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oidsj and in many cases can be used as a measure of quantitative and 
ps structural changes in the complement of chromosomes. Bivalents 



Pigs. 18-23. Pollen mother-cell nuclei at diakinesis. Fig. 18, improved Tankard bronze-top 
swede (ITabca) showing iS bivalents; fig. 19, bulbless bolter (BObba) showing iS bivalents; 
fig. 20, half-bnlbed bolter from commercial crop (ex O’Brien) showing 18 bivalents; fig. 21, im- 
proved green-top swede (IGaaba) showing 18 bivalents ; fig. 22, winter swede rape (Dfs) showing 
ring quadrivalents (also 22a) and 16 bivalents; fig. 23, winter swede rape (Df3) showing chain 
quadrivalent and 16 bivalents. Figs, 18-20 and 22, x 3,300 ; figs. 21, 22a, and 23, x 4,000. 

are attracted mutiiaily, but there are no connexions between them and 
they never appear to touch. The proper orientation of the bivalents on 
the spindle and their disjunction are unaffected. The secondary pairing 
may, and often does, persist until division II of meiosis. It has no counter- 
part at diakinesis when all the bivalents are mutually repelled. 

When the two chromosomes of a bivalent are held together at dia- 
kinesis and metaphase I by chiasmata, and each chromatid is condensed 
into a spiral coil, their particulate attractions which led to their pairing at 
zygotene are released. Prior to condensation, the particulate attractions 
are internally compensated in pairs, but subsequently many of them are 
separated from one another and their attractions are released. They may 
then be exercised on any similar particles within their spheres of influence. 
But the attachment constrictions appear to be the seat of localized forces 
leading to their mutual repulsion. The attractive forces appear to diminish 
moi'e rapidly with increasing distance from a particular chromosome than 
does the repulsive force. Hence, the sphere of attraction appears to be 
relatively limited, and it can only be effective when the bivalents are more 
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or less closely approximated* This condition is fulfilled at prometaphasCj 
a brief stage between diakinesis and metaphase I, when the bivalents are 
massed together into a close group. The actual response must depend 



Figs. 24-32. Pollen mother-cells showing polar metaphase I plates all with 18 bivalents 
having varying degrees of secondary pairing. Fig. 24, Merviie swede (MVabba) showing 3(1) ‘+*4(2) 
+ 1(3) +1(4); fig- 25, improved Tankard bronze-top swede (ITabca) showing 2(1) + 2(2) -I- 2(3) 
+ 1(4); fig. 26, bulbless bolter (BObba) showing 4(1) -f 2(2} 2(3) -H 1(4) ; fig. 27, O’Brien half- 
bulbed bolter showing 4(1) 2(2) + 2(3) -f 1(4) ; fig. 28, winter swede rape (Dfs) showing 
3(1) + 3(2) + 3(3) ; fig. 29, swede X swede rape F^ (ABO) showing 3(1)+ 3(2) + 3(3) ; fig. 30, 
swede rape x swede "F^ (ABI) showing 3(1) + 4(2) -r 1(3) -t- 1(4) ; fig. 31, swede x bulbless bolter 
(BObo) (ABF) showing 6(1) + 6(a) ; fig. 3a, white ilesh swede (WFba) showing 4(1) + 2(2) -f 2(3) 
+ 1(4). All X 3,300. Figs. 25 and 29 with persistent nucleolus present in cytoplasm. 

also upon size, smaller bivalents being moved more easily than larger ones, 
since it is not found in polyploids with large chromosomes. Subsequently 
to the prometaphase- contraction stage the unpaired bivalents and groups 
of secondarily paired bivalents repel one another mutually so that they 
become more or less isolated on the metaphase plate, the secondarily 
paired bivalents remaining in close association* The mechanism observed 
by Lawrence (1931) (21) in Dahlia has therefore been found to hold for 
Brassica ; it has been seen in both swedes and turnips. Since the appear-^ 1 
ance of secondary pairing provides a test of distant relationship between 
chromosomes, it will be used here in determining the basic composition of 
the chromosome complements, J 

S s 
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A considerable amount of secondary pairing is found in the swede and 
its relatives, and it is significant that the multivalent associations of chromo- 
somes thus formed always consist of bivalents of roughly the same size in 



Figs. 33-40. Pollen mother-cells showing polar metaphase I plates illustrating primary and 
secondary pairing* Fig. 33, O’Brien’s half-bulbed bolter showing 18 bivalents associated into 
8(i)+ 2(2) + 2(3); fig. 34, swede rape x swede (ABI) showing 16 bivalents as 9(1) + 3(2) + 1(3) ; 
fig. 35, improved Tankard bronze top swede (ITabca) showing x quadrivalent and x6 bivalents, 
i secondarily paired with the quadrivalent and the remainder into the groups 6(1) + 3(2) + 1(3) ; fig 36, 
O’Brien^s half-bulbed bolter showing i quadrivalent and 16 bivalents associated into 7(1) + 1( i) + 1(3) 
+ 1(4) ; fig. 37, improved green-top swede (IGaaba) showing i quadrivalent and 16 bivalents with 
maximum association, viz, 3(2) + 3(4) ; fig. 38, bulbless bolter (KB) showing 2 univalents and 1 7 
bivalents with very little secondary pairing, viz. 9(1) + 4(2) ; fig. 39, bulbless bolter (KB) showing 
I trivalent, i univalent* and 16 bivalents, secondarily paired into 8(1) + 1(2) + 2(3) ; fig. 40, 
improved Tanlcard bronze- top swede (ITabca) with 2 univalents and 17 bivalents associated into 
S(^) + 4(2)+ 1(4)* 35 1 3^3 4 ® nucleolus in cytoplasm. All x 4,000. 

all cases where the size differences can be made out in the metaphase plates* 
In the case of profile views where size differences are perhaps more obvious, 
the pairing of bivalents almost invariably of similar size is quite clear 
(Figs. 41-2) ; moreover, the paired bivalents in any one group show 
similar chiasmata, either two or one, and usually terminal (see below). 
Associations between 2, '3, and 4 bivalents have been observed, but rarely 
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between any higher number, though a considerable number of cells were 
examined. Apparent associations of more than four chromosomes occur 
occasionally and may indicate structural complexity in the chromosome 
complement. Tables II, III, and IV summarize the principal points rela- 
tive to secondary pairing. Figs. 24-40 and 50 illustrate various types of 
secondary pairing. Fig. 49 shows a tetraploid cell found in white flesh 
swede and seen in polar view ; it has 36 bivalents with a high degree of 
(apparently) secondary association. 

The number of secondary associations per metaphase plate ranges 
between 4 and 12, the mode being 9 and the average 8*5 (cf. Table II and 
Diagram i). The conditions at the first division metaphase are consistent 
with the view that the swede is trebly octasomic and trebly tetrasomic, 
a composition allowing twelve secondary associations as a maximum. The 
maximum has been seen once only (Fig. 37) in 138 plates; it gives six 
groups of chromosomesj and 6 is therefore the primary chromosome 
number. 


Table IL 


Plant variety. 

Number of polar first division metapliase plates possessing 


the following members of secondary associations. 


4 

5 

6 

7 

8 

9 

10 

II 

12 

Swedes, 

Mervue 

— 

— 

— 

— 

— 

I 

— 

— 

— 

Superlative 

— 

— 

— 

I 

I 

I 

— 

— 

— 

Improved tankard B.T. 

— 

I 

2 

2 

3 

2 

3 

I 

— 

Improved G.T. 

— 

I 

I 

3 

6 

16 

6 

— 

I 

white desk 

— 

— 

— 

— 

3 

6 

— 

I 

— 

Total 

•— 

2 

3 

6 

13 

26 

9 

2 

I 

Bolters, 

BO 

— 

— 

— 

— 

— 

I 

— 

— 

— 

KB 

I 

— 

I 

3 

7 

4 

— 

— 


O'Brien’s 

— 

— 

I 

2 

2 

5 

3 

I 

— 

Total 

I 

— 

2 

5 ■ 

9 

10 

3 

I 

— 

Swede ra^es. 

winter 

— 

— 

— 

I 

I 

2 

— 

— 

' — 

Hfifrzds, 

swede x swede rape 


— 

— 

I 

2 

3 

3 

2 

— 

swede rape x swede 

— 

I 

— 

2 

4 

9 

2 

— 

. — 

swede x bulbless bolter (BO) — 

— 

I 

— 

4 

5 

2 

— 

— 

Total • 

•— 

I 

I 

3 

10 


7 

2 


Grand Total 138 

I 

3 

6 

15 

33 

55 

19 

5 

I 


The haploid chromosome set may then be represented as follows : 

A A A A 
B B B B 
C C C C 
D D 
EE 
FF 
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Such a constitutioo provides ample basis for the multiple factors known in 
certain species of Brassicas. Clearly, in the evolution of the swede (and 
perhaps in other species of Brassica) there has been a change in chromo- 
somal balance similar to that found in Pyrus (Darlington and Moffett, 
1930 ( 4 )) and in Dahlia Merckii (Lawrence, I9i^9 ( 19 ))» Undoubtedly^ such 
changes are of considerable evolutionary significance, though their precise 
importance cannot be estimated as yet. 

Table III. 

Types of Secondary Associations at Meiosis in Swede Group, {a) Cases 
with Eighteen Bivalents. 

Numbers of Numbers of bivalents Nuniber of 
secondary in association, cases Totals, 

associations. 1234 

4 

5 

6 

7 

8 


9 


10 


11 

12 

107 

Table III summarizes the different types of secondary association, 
together with the frequency of each. Cells with univalents^ and other 
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atypical associations are omitted from the total of 107 plates noted* It is 
clear that the modal frequency is 9, i.e. that three-quarters of the possible 
secondary associations are most frequently developed* In Table I V| which 
summarizes the results for those plates (16 in number) which have univa- 
lents or, in one case, a trivalent and a univalent (Fig* 39), the modal 
frequency of secondary associations is 8, one less than in the case of plates 
having complete bivalent formation. 


Table IV. 


Tfpes of Secondary Association at Meiosis in Swede Group, {b) Cases 
with Univalents y Src. 


Numbers of 
secondary 
associations. 


Number of 
bivalents in 
association. 

1234 


Number of 
univalents. 


Number of 
trivalents. 


Cases. 


Totals. 


5 7 5 2 

6 ’ 56 2 

722 — 2 

7 5 4 — 1 2 

5 I 3 — I 

6211 2 

8 3 4 2 — 2 

4311 2 

5121 2 

9 3221 2 

2 3 3 — 2 

33 — 2 2 



It is difficult to analyse fully the whole complement in any one cell 
as seen in profile at metaphase, owing to the secondarily paired groups 
lying obliquely or perpendicularly to the plane of the microscope field. 
But, in cases where the number of secondary associations is relatively low, 
observation is materially improved and the nature of the pairing susceptible 
of interpretation. In favourable cases (Figs, 41 and 42) the two chromo- 
somes of the bivalents may be seen held together by terminal chiasmata at 
one or both ends and ranged closely by the side of one or more other 
bivalents of a like size and, usually, construction. The secondary pairing 
may involve both pairs of chromosomes of the bivalents each to each, or be 
restricted to one of them ; the former condition is much the more usual. 

The close relationship between swedes, swede-like rapes, and bulbless 
bolters is emphasized by the conditions at meiosis. (i) All three groups 
of plants, together with their hybrids, show similar degrees of secondary 
pairing, for the modal frequency, nine, is the same in each group. There 
is every reason to suppose that the different forms have identical haploid 
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sets* (2) The different groups of forms and their Fj hybrids most fre- 
quently form 18 bivalents at meiosis. (3) The frequency of formation of 

1% 

O 



Figs. 41--3. Pollen mother-cells at metaphase I and early anaphase as seen in profile ; N.B. 
chromosomes and chromosome-groups separated laterally. Fig. 41, improved green-top swede 
(IGaaba) metaphase I with 18 bivalents associated secondarily into 7(i) + 4(2) ■+■ 1(3) ; fig. 42, 
improved green-top swede (IGaabc) metaphase I with 2 univalents and 17 bivalents secondarily 
associated into 5(1) + 3(2) + 2(3) ; fig. 43, Mervne swede (MVabba) anaphase I with 18 bivalents 
disjoining — note lagging of some bivalents and extra spindle nucleolus. All x 4,000. 



4-43 

Fig. 44. Swede X bulbless bolter (BOba*) Fj (ABF) pollen-mother cell at early anaphase I 
showing persistent secondary pairing. The left-hand figure represents the upper focus, the right- 
hand the lower focus ; the natural arrangement may be regained by superimposing the two figures* 
The group at 10 o’clock presumably represents a quadrivalent {vide text), x 3,300. Fig. 44a is 
a diagrammatic representation of the prior metaphase condition of the group as seen in profile. 

univalents and multivalents is no higher in the Fj hybrids than in the pure 
races. (4) The frequency of chiasmata at mid-diakinesis is substantially 
the same in all the forms examined, and is not reduced in their hybrids. 
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It has not been possible to make extensive counts of whole nuclei j 
Table V embodying only nuclei fully interpreted^ 

Anaphase proceeds normally, there being no appreciable lagging or 
precocity of separation due to the superimposed secondary pairing. The 
secondary associations thus interfere neither with normal disjunction of the 
members of a bivalent nor, presumably, with the randomness of the assort- 
ment in respect of all the bivalents. During anaphase, the secondary 
associations persist and observation of such stages is most instructive in 
demonstrating the nature of the associations at metaphase. Fig. 44 shows 
two anaphase groups from the same cell, and at Fig. 44 a is a reconstruc- 
tion of the metaphase condition as it would be seen in profile ; the 
bivalents are shown arbiti*arily as involving but a single chiasma each. 
One group is evidently a true quadrivalent, involving a multiple chiasma ; 
no other example of this has been seen. After anaphase I, secondary 
pairing mostly disappears ; but quite marked cases of it may be observed 
at the metaphase II (Fig. 45). Lagging at anaphase I, due to interstitial : 
chiasmata, is fairly frequent ; different stages are shown in Figs. 46-8. 


Table V. 

Chiasma Numbers in Sivede Group. 


Numbers, 

27 

o^ 

00 

30 

31 

32 

33 

Average, 

Swede 

I 

— 2 

4 

— 

I 

— 

30 

Swede rape 

— 

— I 

I 

— 

I 

— 

30 

Bulbless bolter 

— 

— — 

2 

— 

3 

— 

31 

Swede x swede rape 

— 

— — 

— 

— 


I 

33 

Swede rape x bolter F j 

— 

— — 

— 

I 

— 

— 

3 ^ 

Swede x bolter Fi 

— 

— — 

— 


I 

— 

32 

Certain aberrations 

call 

for special 

attention. 


It has 

been noted 


above that pairing at diakinesis and metaphase I is conditioned by more 
or less terminal chiasmata; failure to form any chiasmata between the 
chromatids of the two associated chromosomes results in the formation of 
univalents- The presence of two such univalents at metaphase has been 
noted in 15 out of 138 polar metaphase plates examined ; examples are 
shown in Figs. 38 and 40. Univalents are perhaps most frequently formed 
by the smaller chromosomes and by those with a subterminal attachment 
constriction- The pz'esence of univalents need not mean deficient gametes, 
provided that at division I they go at random to opposite poles of the 
spindle and are not omitted from the nuclei at interkinesis. Two univalents 
have a 50 per cent, chance of passing to opposite poles. 

The rare formation of quadrivalents and other multivalents in a poly-^ 
ploid is a different question. It is most easily explicable if it be supposed 
that the duplicated chromosomes have become structurally dissimilar % 
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linear rearrangement of their parts. Structurally altered chromosomes of 
the same ultimate origin will then be homologous continuously only over 
short lengths and therefore unable to pair regularly when in competition 



Fig. 45 » Improved greeH'top swede (IGaaba) pollen mother-cell at metaphase II, following a 
regolar iS + iS anaphase 1 disjunction. Note persistence of secondary pairing, x 4,000. 



Figs. 46-7. Pollen mother-cells showing bivalents lagging as the result of the presence of 
interstitial chiasraata in them. Fig, 46, improved green-top swede (IGaaba) \ fig. 47, superlative 
swede (SUbada). x 3,306. 

With unaltered chromosomes* Occasional pairing and chiasma formation 
would result in multivalents. Diakinesis provides the clearest cases^ the 
commonest multivalent configurations being the ring and the chain of 4 
chromosomes (Figs, 21-3). These have also been traced in profile meta- 
phase, though with difficulty, and in polar metaphase (Figs. 35-7, 50)* 
The frequency of occurrence is very low, qiiadrivalents being found in less 
than % per cent, of cells at diakinesis ; exact statistics are difficult to 
obtain since it is easier to observe a quadrivalent at diakinesis than 
.to 'count 18 'bivalents and, so prove its absence* 
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The behaviour erf the nucleolus is noteworthy^ Most frequently it 
does not disappear at the end of the prophase stages and is persistent in 
a large proportion of cases until the telophase of the second division (cf. 
Figs. 25, 35, 36, 40, 43 ; also Figs. 61, 67, 70-2). Its subsequent 

history is obscurcj as it seems to disappear quite suddenly about this time 
and is not seen again. Fragments also often occur in place of the single 
large body. The irregular behaviour suggests its comparative unimpor- 
tance in the economy of the cell. 

Pollen grains of most forms were examined in a drop of lactophenol 
containing cotton blue ; they proved to be nearly 3 00 per cent, good in all 
cases, a result to be expected in view of the rarity of meiotic abnormalities. 


^ Turnip Group. 

The material studied was derived solely from plants of ' Centenary 
the green skin, yellow flesh turnip. At diakinesis there are ten bivalents 
uniformly distributed in the nucleus (Fig. 51). They show size variations, 
correlated with those found in somatic plates. At metaphase I the biva- 
lents are orientated quite regularly at the equator and show frequent 
secondary pairing. The extent of this as seen in polar view (Figs. 
is summarized in Table VI and shown pictorially in Diagram i. The 
various types of secondary association are shown in Table VIL In profile 

Table VL 

Secondary Associations in Turnip, 

Number of secondary associations per plate — 1234 
Number of plates (total 35) — 3 10 16 6 


Table VII. 


Types of Secondary Associations in Turnip, 


Number of 
secondary 
associations. 


Number of 
bivalents per 
association, 
i 2 3 


Number of 
cases. 


1 

2 

3 

4 


81^ 3 

6 2 — 7l 

7 -7 I 3) 

4 3“ 

5 I I 81 

24 — 2' 

3 21 3- 

4 — 2 I. 


3 

10 

16 

6 



metaphase I (Fig, 59) secondary pairing is seen to be between morpholo-' 
gically similar bivalents; three bivalents have each a single' Terminal' 
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cliiasmag the other seven two each. Not more than four associations could 
be observed definitely in any cell, though a large nuinber of cells have 
been examined. The type of association at this apparent maximum is 

^ 48 

Fig. 48. Superlative swede (SUbada)-, lagging bivalents selected from eigbt?different cells 
showing various interstitial chiasmata and stages in their separation at anaphase I. X 



Figs. 49-50. White flesh swede (WFba) pollen mother-cells at metaphase I in polar view. 
Fig. 49, tetraploid cell with apparently 36 bivalents showing a high degree of secondary pairing (see 
text) ; fig, 50, a diploid cell from same preparation, showing i quadrivalent and 16 bivalents 
secondarily associated into 1(1) +6(2) + 1(3). x 4,000. 


variable, namely four groups of two bivalents (Fig. 58), one group of three 
with two groups of two bivalents (Fig, 57), and two groups of three bivalents 
(Fig. 56). In a few cases loose and doubtful associations of four bivalents have 
been found. The results are probably to be explained on the basis that the 
primary chromosome complement has been modified structurally compared 
with that of the swede, namely, that exchanges between non-homologous 
chromosomes have occurred with reduplication of one or both of the 
exchanged chromosomes. Secondary pairing could then occur between 
parts of chromosomes phylogenetically related. It should be weaker than 
that between whole chromosomes similarly related. 

A possible structure of the chromosome complement may be arrived 
at if it be supposed that the original basic number is 6 as in the swede, 
and that the turnip is tetrasomic in respect of four of them, with the 
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proviso that two pairs of non-homologous chromosomes are segmentally 
interchanged. We may represent the two segments of each chromosome 



Figs. 51-8. Centenary green skin, yellow flesh turnip pollen mother-cells. Fig. 51, diakinesis 
with 10 bivalents ; x 3,300. Figs. 52-8, polar metaphase I plates showing various degrees of 
secondary pairing ; x 4,000. Fig\ 52, 8(i)+ 1(2); fig. 53, 6(1) + 2(2) ; fig. 54, 7(1) + 1(3); fig. 55, 
4(0 + 3(2); fig. 56, 4(1) + 2(3); fig. 57> 3(0 + 3(2)+ 1(3); fig. 58, 2(i) + 4(2). 

by capital and small letters, in which case the original structure of the 
haploid was probably 

Aa Aa 

Bb Bb 

Cc Cc 

Dd Dd 

Ee 
Ff 

while the altered structure may be 

Aa Ae 

Bb Bf 

Cc Cc 

Dd Dd 

Ea 
' Eb 

The maximum possible associations would be 2 groups of 3 bivalents 
and 2 of % bivalents. This has not been observed. 

No cases of plates with univalents were seen in the many cells counted 
in the turnip ; nor were any quadrivalents seen at diakinesis or other 
stages. 

Swede-turnip Hybrid, 

The material of this cross consisted of plants of swede x (white X 
yellow flesh turnip) and of yellow flesh swede x Centenary yellow flesh 
turnip ; the results from the two were identical in every respect. The 
results obtained in this hybrid are somewhat at variance with the condi- 
tions discovered by Morinaga (192^9) ( 29 ) in crosses between 
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i8) and species having a haploid chromosome number of io„ He 
found regularly lo bivalents and 8 univalents. The configurations in 1 7 
cells that could be analysed completely, are summarized In Table VIII® 
It will be seen that 8 univalents and 10 bivalents represents the least 
amount of pairing observed. The number of bivalents varied from 7 to 
12 in number, and in addition from o to 3 trivalents were seen in the cells 
fully analysed. The commonest configuration was 7 univalents, 9 bivalents 
and I trivalent (Fig. 60), Fig. 61 shows the greatest number of bivalents 
seen, viz. 12, together with 4 univalents; there is a persistent nucleolus 
lying beside the spindle. In Fig. 62 there are 8 bivalents, 2 trivalents, 
and 6 univalents ; the profile view of metaphase I (Fig. 63) shows 3 triva- 
lents, 7 bivalents, and 5 univalents. In very rare cases a quadrivalent was 
seen at diakinesis (Figs. 66 a and b) ; the two figured are respectively 
a branched chain and a ring of four. 

Table VII L 

Configurations of Chromosomes at Meiosis m Swede x Turnip 


Types and numbers of associations. 
Univalents. Bivalents. Trivalents. 

Numbers of cells. 

8 

10 

— 

2 

7 

9 

I 

6 

6 

8 

2 

3 

5 

7 

3 

4 

6 

II 

— 

I 

4 

12 

— 

I 




YL 


The relative frequencies of trivalent types is instructive ; there were 
6 Y-shaped (Figs. 63, 65 b and c), 16 chain (Figs. 63, 64, 65 b and c)^ and 
2 ring and rod. The relatively greater number of the chain type may be 
taken to show a low chiasma frequency in the paired limbs or, more likely, 
structural complexity of the pairing chromosomes whereby they tend to 
pair with different chromosomes at their two ends. The chiasma frequency 
at metaphase l and diakinesis is somewhat lower than that in the turnip, 
which has 8 fewer chromosomes ; the number of ring bivalents is also 
significantly reduced. The small size of the chromosomes, rendering 
observation difficult, precludes the extensive observations one would like on 
this point. 

The frequencies of different degrees of secondary pairing of bivalents 
in the hybrid are summarized in Table IX, while a frequency polygon is 
shown in Diagram i. Clearly the mode, five, is higher than in the turnip. 
This may be taken to indicate some autosyndesic pairing of swede chro- 
mosomes. Or, it may be adduced in support of structural differences 
between pairing swede and turnip chromosomes, whereby secondary pairing 
;'may:''occhr when ;pn Probably the increase is a com- 
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bination of the two causes. In support of structural complexity, it must 
be noted that univalents may be secondarily paired with bivalents or 

»1 18 

Fig» 59. Centenary turnip, metaphase I in profile showing bivalent types and secondary 
pairing between morphologically similar bivalents. 



Figs. 60-2. Swede x turnip Fj (ABK) pollen mother-cells at metaphase in polar view. 
Fig. 60, 1 trivalent, 7 univalents, and 9 bivalents showing secondary pairing to form 1(1) + 3(2) with 
the remaining 2 bivalents associated with the trivalent ; fig. 6r, 12 bivalents and 4 univalents, the 
bivalents secondarily paired into 2(1) + 5(2), and 2 of the univalents secondarily paired with 
bivalents ; fig. 62, 2 trivalents, 6 univalents, and 10 bivalents with secondary pairing of two sets of 
three bivalents and of each of the trivalents with a bivalent, x 4,000. 



J \ *1 ^ 

^64 a •b ^66 

65 

Figs. 63-6. Swede x turnip Fj (ABK) pollen mother-cells at meiosis. Fig. 63, complete 
profile metaphase I showing 3 trivalents, 5 univalents, and 10 bivalents with some degree of 
secondary pairing; fig. 64, chain trivalent from profile metaphase I; fig. 65, trivalents from 
diakinesis nuclei respectively of Y(a) and chain (b, c) types; fig, 66, quadrivalents from, diakinesis 
nuclei respectively of branched chain (a) and ring (b) types, x 4,000. 

sometimes with other univalents (cf. Figs. 61 and 62) ; the extent of this is 
difScult to gauge. 

Table IX. 

Frequencies of Different Degrees of Secondary Pairing at Metaphase 1 
Swede x Turnip JV.B, — Secondary Associations of Univalents with 

other Structures not counted. 

No. of secondary associations per cell 3 4 5 6 

No. of cells I 4 ' 5 ^ ~ 
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The behaviour of the univalents is complex, and difficult to follow. 
Apparently they may separate at the first anaphase (Figs. 67-9) into their 
two constituent chromatids (note single chromatids in interkiiiesis nuclei in 



Diagram ,i. Curves showing the absolute frequencies of different degrees of secondary pairing at 

metaphase I found in samples of pollen mother-cells of swedes, turnips, and swede x turnip F|. 

Fig. 69)5 in which case they apparently pass at random to the poles at the 
second anaphase or are left out of the main daughter nuclei constituted at 
the end of meiosis. Such single chromatids regularly lag on the spindle 
at the second division (Fig. 71) or may divide a second time, especially if 
they are left out of the interkinesis nucleus. This second division of 
univalents may precede metaphase II (cf. Fig. 69) and the division of the 
univalent occur in any direction relative to the long axis of the original 
spindle ; cases may be seen in Figs. 69 and 70. Double division of uni- 
valents, in this manner, provided their products are included in the major 
nuclei, may lead to gametes with chromosomes in excess of the normally 
expected numbers. There is no reason to suppose that gametes with less 
than 14 chromosomes will necessarily be non-functional. The hybrids 
showed a proportion (about zo per cent.) of small, empty-looking pollen 
grains,^ but the remainder appeared good though slightly variable in 
absolute size. Again, it is often clear from the constitution of the second 
metaphase plates that the univalents have mostly passed at random to one 
or other telophase group formed following the first anaphase ; in the second 

: ^ Dr, V. McM. Davey informs me that this is a higher proportion of empty grains than he 
..;fbEri'd'in'cotiiits of several 
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Figs. 67-8. Swede x turnip Fj ( ABK) pollen motlier-cells at late anaphase I. Fig. 67, 
showing the daughter halves of lagging univalents beginning to disjoin ; note nucleolus in cyto- 
plasm ; fig. 68, 1 lagging bivalent and 3 lagging univalents separating, x 4,000. 
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division such, univalents separate, as easily as the rest of the chromosomes, 
into the two chromatids of which they are made up. 

In addition univalents may lag on the first division spindle as well as 
on the second division spindle; in this case two possibilities arise. If 



Fig. 72. Swede X turnip Fj (ABK) pollen mother-cell at metaphase II showing a single 
plate in side view having about 28 chromosomes ; this would follow a division I restitution 
nucleus, 

there is a sufficiently continuous series of them from one telophase group 
to the other a restitution nucleus may be formed embracing the whole of 
the chromosomes. Formation of restitution nuclei in this way at either the 
first or second or both divisions in different cases is the explanation of 
the diads and triads noted by Morinaga (1929) in B, cernua {n = 18) x 
chinends {n =s= 10) (29) and B. cer^tna x B, napella {n = 19) (30) ; in fact, 
he describes stages in the formation of restitution nuclei in the former 
hybrid. When restitution nuclei formed at division I divide, the gametes 
formed are diploid or approximately so ; any deviation from diploidy must 
be traced to random distribution of chromatids formed from univalents 
that divided at division I. A metaphase II plate, with 28 dividing chro- 
mosomes, is shown at Fig. 72; it is the result of a division I restitution 
nucleus. 

In other cases the two first telophase groups reconstitute independent 
interkinesis nuclei and the lagging univalents are left stranded between the 
two nuclei ; usually each univalent then forms a separate small spindle on 
its own, and the two chromatids constituting it are separated to opposite 
poles (Fig. 69). Chromatids with such a history are still traceable during 
the second division well out in the cytoplasm away from the remainder of 
the chromosomes (Figs. 70 and 71). 

Second metaphase plates with 13, 13 + half-chromosome, 13 + three 
half”Chromosomes, 14, 15, and 1 6 chromosomes have been seen. The 
.commonest arrangements, appear to be 14 + 14, 13 + 15, and 13 + 14 
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with one chromosome left out of the two main plates. Accurate analysis 
is complicated by the difficulty of assessing the value of any particular 
body that is observed. 

Diads and triads are relatively common amongst the tetrad groups of 
young pollen grains ; the former (diads) represent about 5-8 per cent, 
of the whole. 


Table X. 

Chromosome Numbers in Swede x Turnip F^, 

Number of chromosomes, 

22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37-39 40 41 42 43 44 45 

Number of plants. 

101119560753232 o 103021 

The hybrid is highly self-sterile, but will give a few seeds. The 
chromosome numbers summarized in Table X were determined in 53 
plants. Four modal points (cf. Diagram 2) may be distinguished, viz. 
(i) at 27-9, that is in the neighbourhood of the number 28 in the 
hybrid parent ; (2) at 31, an inexplicable result ; (3) at 34-55 that is about 
6 (the true basic number of the swede) more than the number in the parent 
(N.B. the excess number also corresponds to the average number of 
univalents at meiosis in the parent) which perhaps means that these zygotes 
are better balanced than certain others ; (4) at 42 (relatively triploid) which 
is half as many again as the parent, and means that diploid (unreduced) 
gametes derived from restitution nuclei have been functioning, It is note- 
worthy that 7 out of 53 plants (about 13 per cent.) were approximately 
‘ triploid indicating a corresponding frequency of activity on the part of 
the unreduced gametes. Diads, however, account for only 5-8 per cent, 
of the ‘ tetrads \ so that unreduced gametes are about twice as viable, or 
active, as are the sub-normal reduced ones. Mating of two unreduced 
gametes would give an amphidiploid, probably with a certain degree of 
variable pairing. Frandsen and Winge (1931) have obtained amphi- 
diploid plants from a somatically doubled inflorescence of an F^ plant ; they 
seem to be quite fertile. Such ‘ tetraploids ' should occur with a frequency 
of about 1*7 per cent, in a selfed (or better, outbred, since self-incompati- 
bility factors are involved) population, if there are random chances for 
mating of haploid and diploid gametes. 

Some F^ pollen mother-cell material, fixed by Dr. Davey, unfortunately 
yielded no stages. According to Nelson (1927) ( 32 ) the F^ swede x turnip 
hybrid is fully fertile in reciprocal backcrosses with swede, and fairly so 
with turnip, while the F^ turnip x swede is fairly fertile with swedd but 
shows a low fertility with turnip. Chromosome numbers in the backcrp^^ 

Tt 
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(swede X turnip) x swede are given in Table XI and graphically in 
Diagram 3. The figures indicate a peak development, by the F^, of viable 
gametes with 14 chromosomes. 



Diagram 2. Curves showing the frequencies of different chromosome numbers in populations 
{a) of swede x turnip Fg, (^) of (swede x turnip) x swede backcross. 


Table XL 

Chromosome Numbers in {Swede x. Turnip') x Swede Backcross, 

No« of chromosomes 30 31 32 33 34 35 

No. of plants l o 4 2 o i 

One plant of Dr. Davey’s swede x turnip was markedly more fertile 
than the rest, and it was thought possible that it was an amphidiplofd. 
Studies were made of root-tips from a number of seeds, and numbers 
fluctuating about 42^, the ‘ triploid ’ number, were found. Seemingly, the 
' triploid ’ individual has greater fertility than the diploid hybrid. 

Discussion. 

It is possible, from the cytological facts described above, to reach 
certain conclusions with regard to the major problems defined earlier. 

In the first place all the forms belonging to the swede alliance from 
a cytological point of view are closely related. They all have the same 
chromosome number and there are no detectable differences in the morpho- 
logy of the different complements. At meiosis, pairing is perfect in the 
hybrids and there is no sign of the reduction in chiasma frequency that 
would be expected if there were qualitative or quantitative differences 
between the different complements. 

Swede is a biennial crop but liable, like others, to ‘ bolt ' or * nm to 
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seed' in its first yean This is largely conditioned by environnaental 
factorSj though, as in the sugar beet (9), hereditary factors are also involved. 
In addition, there is a second bolting type, the biilbless bolter, which 
sometimes appears as a rogue in crops and which breeds true to its bolting 
tendency. When the bulbless bolters appear rather abundantly in a crop, 
the value of it may be considerably diminished ; this has sometimes led to 
legal actions, the seed merchant being sued for negligence. The defence 
has been that the bolter is a * reversion This explanation is most unlikely, 
since white flesh bolters appear in yellow flesh swede crops, white flesh 
being dominant to yellow flesh. Actually, pure-bred swedes do not throw 
buibiess bolters at all. Lafferty (18) and Davey (2) have shown that these 
bolters consist of admixed swede-like rapes and hybrids of swedes and 
swede-like rapes. Some of the latter when selfed are found to segregate 
for flesh and skin colour. The cytological facts are entirely in agreement 
with the views of these authors. 

Some turnip varieties, e.g. ‘ Bruce' and ‘ Fosterton hybrid have been 
supposed to have swede ancestry. But the chromosome numbers of 
turnips and swedes, taken with the general facts of hybrid cytology, renders 
such an hypothesis extremely improbable. The two varieties named have 
similar somatic chromosome complements to that of admitted turnips, and 
must be regarded as merely mutant types. 

The major problems of the duplicate (multiple) factors, the different 
basic numbers in different species, and the possibility of combination of 
swede and turnip to form a new hybrid species are really interrelated 
subjects. Secondary pairing, as it has been interpreted, involves the con- 
ception that different pairs of chromosomes in the same plant will bear 
factors (or more likely blocks of factors) in common. The occurrence of 
duplicate factors in Brassica is well established ; the cytological basis is 
established now in the form of secondarily balanced polyploidy, that is 
polyploidy affecting different chromosomes unequally. 

In B. oleracea {n = 9 ), Pease concluded (34) that two duplicate factors, 
Nj and Ng, govern the non-hearting of kale, kohlrabi, and other non-hearting 
forms ; Malinowski (23) believes that three duplicate factors are involved. 
The curly foliage of kale, as against the non-curling of the cabbage, was 
found by Pease (34) to be controlled by two factors, Kj and K^. These 
factors have also been found in broccoli (Kristofferson (16)) and in kohlrabi 
(Malinowski (24)). Kohlrabi has duplicate factors governing 'bulbing'. 
Purple pigment in kohlrabi is controlled by two factors, there being a 9 :7 
ratio of purples to greens in the following a cross with green savoy. 
Other doubtful cases are recorded, but the majority of the other known 
factors are represented but once in the genetical make-up of the germinal 
material. All these duplicate factors occur in an alleged diploid. 

The incompatibility interrelationships in the cabbage, determtaed by 
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Detjen (5) are such as are shown by polyploids, a , question that has been 
fully discussed . by Lawrence ( 20 ). The latter, dealing; with Kakizaki's 
results (13), has suggested that B, oleraaa is partially polyploid and finds 
some support in suggestions of secondary pairing in Karpechenko’s 
illustrations of meiotic' metaphases in this species. 

The genetical conditions in B, oleracea obviously point to a polyploid 
condition. The factors (or their allelomorphic ancestors) for non-hearting, 
for curly foliage, for pigmentation, and perhaps others, were present before 
the haploid number of 9 was established in these Brassica forms and were 
duplicated in the course of the establishment of n = 9. In this connexion, 
it is noteworthy that there is probable linkage (Pease ( 34 )) between Nj^and 
Kj and between Ng and K 2 ; Malinowski’s ( 23 ) findings of a negative 
correlation between degree of hearting and degree of curliness in the Fg of 
cabbage x curly kale corroborate the suggestion. Secondary associations 
would then be expected to occur between those bivalents whose chromo- 
somes bear the factors for non-hearting and curly foliage (and probably 
also one or more other pairs of bivalents). But such pairing between the 
bivalents would leave the random segregation of the bivalents concerned 
quite unaffected, so that dihybrid and not autotetraploid ratios would be 
expected. 

The swede may be supposed to be a numerical allotetraploid derivative 
of oleracea forms, derived perhaps from crossing of two = 9 species with 
subsequent amphidiploidy. In that case it is feasible that the haploid 
chromosome set of B, oleracea is of the type : 

A A 
B B 
C C 
D 
E 
F 

Various basic numbers have been reported for Brassica in different species,, 
viz. 8, 9, 10, 17, 18, and ig (cf. Morinaga ( 27 - 31 ) and others). Probably all 
these are secondarily balanced numbers, and perhaps they represent 
different balances of the same primary number. The real basic (primary) 
number is 6 in the case of the swede {n = 18). The turnip is probably 
based orA the same primary number, but the types of the secondary associa- 
tions fotffi'd suggest a superimposed structural rearrangement of the parts. 
This is corroborated to some extent by the discovery of a higher degree of 
secondary pairing in the swede x turnip than in the turnip. A consider- 
able amount of information could be obtained from a systematic examination 
of a number of different species — though the method would undoubtedly 
be complicated by any structural changes that have occurred. Some of 
the variant numbers found in Brassica may be due to fission or fusion of 
chromosoriies, the occurrence of which might be established from studies 
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of somatic chromosomes ; again the inquiry may be limited too much by 
the small size of the chromosomes. 

The cytology of interspecific hybrids aids, too, in resolving relationships. 
Morinaga's studies (27-31) lead to preliminary conclusions. His results may 
be summarized briefly as follows : 


Haploid nos. of parents. 

No. of bivalents. 

No. of univ^alents. 

loxio . 

10 

_ 

10 X 17 

10 X 18 

1-9 

25-9 

10 

S 

10 X 19 

10 

9 

18 X ig 

10 

17 


It is at once apparent that all the species have one particular group of ten 
chromosomes in common (assuming allosyndesis), and that the remaining 
eight chromosomes of the eighteen chromosome species (e.g. cernua^ 
B. jtincea) are different from the remaining nine chromosomes of the 
nineteen chromosome species {B. Napella). The hybrids with B. oleracea 
(71 ~ would be especially instructive from this point of view. The 
evidence of the hybrids must be taken as proof of differences between the 
various members of the chromosome complements present in the various 
species, without, however, specifying whether the differences are qualitative 
or quantitative. 

In a cross between species, with haploid numbers of 18 and 10, in 
which 10 bivalents and 8 univalents are commonly found, it is usually 
concluded that 10 chromosomes of the lower numbered species have paired 
with 10 chromosomes of the higher numbered species. This assumption is 
extremely incautious and depends upon the unproved premise that the ; 
chromosomes from the two species are incapable of autosyndesis. Further, * 
the variable degree of pairing and the presence of trivalents in the swede x 
turnip Fp taken with the novel finding that secondary pairing is more 
intense in the hybrid than in the turnip, suggests that the situation is very 
much more complex. 

It is possible in cases where secondary pairing is traceable that there 
might be some formation of bivalents in a haploid plant. The neares 
approximation to this is in Karpechenko’s Brassica x Rapkanus (15) in 
which the 18 chromosomes, 9 derived from each parent, usually failed to 
pair and formed univalents only. Exceptionally a single bivalent was 
observed, but it is impossible to decide whether the pairing is alio- or 
autosyodetic. Secondary association is present in B, oleracea in Karpe-, 
cheoko's figures of polar metaphase, as pointed out by Lawrence (20). 
Winge's (36) drawing also points to the same conclusion. Hence, although 
there may be a strong enough generalized attraction between the phylo- 
genetically related chromosomes, yet the particulate attraction is too , 
discontinuous to allow at all frequent pairing* There must, however, be 
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some pairing^ as is shown by the occasional presence of tiivaient and 
quadrivalent associations in members of the swede group. 

The same phenomenon is illustrated by the interspecific hybrids* It 
has been shown that there are as many as 8 and as few as 4 univalents ; 
there were from o to 3 trivalents and from 7 to 12 bivalents. Clearly the 
frequency of univalents indicates a strong dissimilarity between the 
chromosomes ; in all probability the chromosomes are homologous only 
over very short lengths, too short to give more than very occasional 
chiasmata. Further, pairing in one short region would interfere mechani- 
cally with pairing of other adjacent short sections. The usual statement 
of 10 bivalents and 8 univalents is probably more of an ideal than one 
of fact. 

Secondary association therefore may be shown between chromosomes 
that have so little particulate attraction for one another over any consider- 
able length of the chromosomes that chiasma formation between them is 
a rare event. Considerable reduplication in an acknowledged diploid clearly 
demonstrated in its haploid (Catcheside (1)) does not appear to interfere 
with normal pairing to any extent. For short reduplicated segments result 
in the formation of various bivalents and other associations in about 20 per 
cent, of the pollen mother-cells in the haploid, while corresponding multi- 
valents are very scarce in the diploid. In this way, two chromosome pairs 
of different homologies may carry short blocks of identical genes, but the 
absence of extensive particulate affinity, prohibiting chiasma formation, 
makes an independent distribution practically compulsory- Only occasion- 
ally does this allopolyploid pairing become autopolyploid by reason of an 
unusual association of the chromosomes concerned. 

Both the swede {B, Napus) and the turnip {B. rapa) have been shown 
cytologically to be secondarily balanced polyploids, the turnip probably 
being structurally more complex than the swede. It would be interesting 
to examine the occurrence and distribution of known factors between them. 
The swede shows dihybrid ratios for white flesh and bright lemon flowers 
(yellow flesh and dull buff flowers are recessive) and for purple neck (bronze 
or green top are recessive) (Kajanus (12) ; Davey (3)). Hallqvist (10) 
found a dihybrid factorial basis for leaf shape, the normal lobed leaf being 
dominant and entire leaf recessive; Davey {in litti) has confirmed this. 
Sylven (35) has demonstrated four tones of yellow for the flowers of swede- 
like rape dependent on combinations of two pairs of factors. Bright lemon 
yellow is the dihybrid dominant, while a pale yellow colour appears in the 
presence of one factor. The corresponding factors in the turnip are 
monohybrid in the cases of flesh and flower colour and of skin colour. 
Kajanus (12) found also that the hairiness of swede leaves and the smooth- 
ness of turnip leaves were alielomorphs. Finally there are the two multiple 
factors L| and postulated by Kajanus (12) to be responsible for the 
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length of turnip roots. Though not extensive, the facts show that the 
swede and turnip have certain factors in common and that certain of them 
represented once in the turnip are duplicated in the swede. There are also 
genetical indications that the turnip is an allopolyploid. 

We may now compare the primary and secondary chromosome 
numbers of the genus Brassica with the numbers found in other Cruciferae. 
The data presented by Manton (25), in addition to other scattered records, 
form a sufficiently sound basis for this. The primitive haploid number in 
the Cruciferae appears to me to be 7 ; but Manton concludes that the data 
are quite inconclusive. In a number of cases, however, she has observed 
that the fundamental chromosome number in a genus has been diminished, 
the clearest cases being in Hesperis (2 n = e8, 26, and 24 in different species) 
and in Matthiola (2 = 14 and 12 in different species). Related genera 

also have been found to show the same relationship. This change she 
interprets as aneuploid loss; but having regard to the characteristic 
inviability of organisms deficient in chromosomes or parts of chromosomesj 
this is exceedingly unlikely. A fusion of two non-homologous chromosomes, 
as in so many plants and animals, is more probable, and in fact seems to 
be distinctly supported by the existing data. In Matthiola mca^ta, for 
instance, the 7 haploid chromosomes are roughly equal in length, whereas 
in M. odoratissima (cf. Manton (25),^Fig. 35) one of the 6 haploid chromo- 
somes is about twice the length of the remainder. Definitive evidence of 
fusion has been obtained in Cardamine by Lawrence (22) who finds 30, 14, 
and 16 somatic chromosomes in different species. The origin of a 6 from 
a 7 chromosome type by fusion in the phylogeny of the species of Brassica 
considered is a simple assumption ; while the occurrence of a wide and 
more or less continuous range of haploid numbers in the Brassiceae clearly 
indicates crossing and the simultaneous establishment of a variety of derived 
secondary polyploid types. In contrast to fusion, fragmentation may also 
occur and would increase the basic number without disturbing the balance. 
These changes (fusion, fission, and change in balance) are apparently those 
that Manton has designated aneuploid change (loss or gain) in chromosome 
number. 

Polyploidy, in Brassica^ can arise in several ways. Karpechenko (15) 
has amply demonstrated the production of diploid and tetraploid (or 
approximately so) gametes in Raphanus x Brassica by (a) formation 
of restitution nuclei after divisions I or II giving diploid gametes, or after 
both together giving tetraploid gametes ; (h) division of archesporial nucleus 
without division of cell, the spindles from the two nuclei amalgamating at 
metaphase I (syndiploidy). He also suggests (c) the possibility of somatic 
doubling as the result of incomplete mitosis in the archesporium with the 
formation of a giant nucleus, but records no cases, unless the embryo4*i^a^c 
mother-cell he mentions follows such a doubling of the chromosomes 
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Fukushima ( 8 ) lias traced this phenomenon in B.japonica ' Mizuna', finding 
groups of tetraploid and octoploid cells formed as the result of doubling in 
pre-archesporial cells, several cell generations before the reduction division. 
Its frequency here must be taken to indicate a presumably heritable racial 
character, perhaps a genic-environmental reaction. The tetraploid pollen 
mother-cell figured from the white flesh swede is probably the result of 
syndiploidy, two nuclei having amalgamated at prometaphase. For it 
shows {a) absence of univalents, trivalents, and quadrivalents, to be expected 
in what would be an autotetraploid nucleus had nuclear union been prior to 
chromosome pairing ; {b) occurrence of 36 bivalents, such as would be 
expected if pairing took place in each of two diploid nuclei. Union at 
prometaphase on dissolution of the nuclear membranes would allow 
secondary pairing between bivalents derived from different nuclei. It is of 
importance to notice that the number of secondary associations in the tetraploid 
plate is very considerably more than twice the average in normal metapha^se 
plates. This last is due undoubtedly to the close grouping consequent 
upon a relatively smaller equatorial spindle area at prometaphase resulting 
in a greater number of attractable bivalents coming within any partic^:ular 
bivalent’s sphere of influence. ) 

It should be noted that formation of exactly diploid balanced gametes 
is not a necessary corollary of the different methods of doubling except Un 
the case of syndiploidy. The pairing capabilities of the chromosome 
present before the doubling must be taken into consideration. For instance, % 
if a imivaieiit should separate into its constituent chromatids at anaphase I 
and then a restitution nucleus be formed, the single chromatids will then 
separate at random at anaphase IL Again, in the case of a plant possessed 
of homologous pairs of chromosomes, formation through somatic doubling 
of nuclei with double the number of chromosomes would at meiosis permit 
trivalent and quadrivalent association and so upset the regular formation of 
gametes and lead to some sterility. 

Viable diploid gametes are, however, produced with no great in- 
frequency in Brassica. This is clear when the chromosome numbers in the 
swede x turnip Fg are considered. A number of the progeny are clearly 
relatively triploid (cf. Table X) ; one may therefore expect occasional 
tetraploid or nearly tetraploid plants. An amphidiploid has been obtained 
by Frandsen and Winge ( 7 ) , who find it has 56 chromosomes and that it is 
fertile and true breeding. It originated in the F^ through somatic doubling, 
giving a fertile tetraploid branch. Its meiotic conditions would be interesting 
forejudging from the hybrid, the amphidiploid should be at least partially 
autopolyploid. But competition between mterchromosomal attractions 
may lead, as m Prtmtda Kewensis (Newton and Pellew (33)), to auto- 
rather than allosyndesis, tending to eliminate quadrivalents in favour of 
bivalents only and so stabilizing the strairtr In any case a regular proportion 
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of chromosomal aberraats may be expected ; the ecottomic usefulness of 
the strain will be in inverse ratio to this proportion, without reference to 
any other characteristics. 

Summary and Conclusions. 

The chromosomes of members of the swede and turnip groups of 
Brassica have been examined, and lead to the following conclusions 
regarding the problems considered. 

1. The agricultural swede rogue known as the ‘bulbless bolter’ has 
a chromosomal constitution similar to that of swede and swede-like rape ; 
it is usually a plant of the latter form, though sometimes a hybrid of the 
two. It agrees with the swede and swede-like rape in chromosome number 
(36), morphology of complement, chiasma frequency at meiosis, and degree 
and type of secondary association of bivalents. The hybrids of the three 
forms also agree with the parents in their cytological constants. 

2. Certain turnips (‘ Bruce’ and ‘ Fosterton hybrid ’) alleged to have 
swede ancestry are found to agree with other turnips in chromosome 
number (20) and in the morphology of their chromosome complements. 

3. Swedes (and their relatives) usually form 18 bivalents at meiosis. 
The bivalents are uniformly spaced in the nucleus at diakinesis, but are 
secondarily paired on the equatorial plate at metaphase I. The minimum 
number of groups of bivalents is 6, which is therefore the primary basic 
chromosome number. Of these 6 groups found when secondary pairing is 
at a maximum, 3 are made up of 4 bivalents, and 3 of 2 bivalents each. 
The swede is therefore a secondarily balanced polyploid. The frequencies 
of different degrees of association lie on a unimodal polygon, the mode 
being at 9. Exceptionally, trivalents and quadrivalents have been seen ; 
these support a polyploid interpretation. 

4. Turnips form 10 bivalents at meiosis, and also show secondary 
pairing at metaphase L They are therefore secondarily balanced poly- 
ploids, but probably with structural change of certain chromosomes super- 
imposed. 

5. Secondary balanced polyploidy is a sufficient explanation of the 
duplicate factors known in cabbage {n = 9), turnip {n = 10), and swede 
{n = 18 ). 

6. The Fj hybrid of swede and turnip shows a variable degree of 
pairing, with some formation of trivalents and rare quadrivalents. It is 
not possible to say whether all the turnip chromosomes normally pair with 
10 swede chromosomes. The occurrence of various multivalents, the poly^ 
ploid nature of the parents, and the higher degree of secondary pairing in 
the hybrid than in the turnip, suggest that the usual simple allosyndetic 
interpretation is open to grave suspicion. 
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7 . Aberrations of meiosis in the hybrid lead to viable gametes with 
a variety of chromosome numbers ; ‘ diploid ^ gametes with chromo- 
somes arise following a division I restitution nucleus* The chromosome 
numbers of a series of plants have been determined. The chance of 
stabilizing swede x turnip as an amphidiploid must depend upon the com- 
petition in chromosome pairing. If autosyndetic pairing is the rule, the 
‘plant should breed true ; but if allosyndetic pairing between swede and 
turnip chromosomes also occurs to any extent, unbalanced forms may be 
formed too frequently. The results of Frandsen and Winge (7') suggest 
that their Brassica napocampestris may be quite a stable species. 

8 . The phylogeny of the Cruciferae has involved cases of fusion, 
fission, and other structural changes besides polyploidy and change in 
balance as in Brassica. 

I must record, in conclusion, my indebtedness to Professor J. M« F* 
Drummond who rendered very considerable help in the earlier stages, 
to Professor R. R. Gates, who has made many useful suggestions, and 
especially to Dr. V. McM. Davey who has given me a great deal of help 
with innumerable matters of agricultural and genetical significance, and to 
whom I am indebted for practically all the material examined. 
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T he cell-walls of some marine algae contain substances which do not 
occur in other groups, such as the fucoidin and algin of the Phaeo- 
phyceae and the mucilage of the Rhodophyceae. These facts, together 
with the circumstance that a study of the literature revealed some uncer- 
tainty as to whether true cellulose occurs at all, suggested the desirability 
of a critical macro- and microchemical inquiry into the distribution of cellu- 
lose in these plants. Czapek ( 2 ) states that cellulose occurs in the walls 
of Fuciis. In 1915 Kylin ( 4 ) stated that cellulose was present in the 
walls of Laminaria digitata^ L, saccharina^ Ascophylhm nodosum, and 
Fuctis vesicidosus, as he obtained a blue colour on treatment with iodine 
and sulphuric acid. According to Czapek, however, this colour is also 
given by a carbohydrate known as 'facin’, a substance allied to alginic 
acid. Kylin proceeded to estimate the substance he held to be cellulose 
by heating with 1*25 per cent, sulphuric acid, followed by 1*^5 per cent, 
caustic soda, but he does not appear to have carried out any tests on the 
product of this treatment to establish its cellulose nature. 

In 193X5 Ricard (6) treated Laminaria flexicaidis and L. sacckarina 
in the same way, but was unable to obtain a blue coloration with iodine 
and sulphuric add. 

As regards the red algae, Czapek states that the tissue of Sphaerococcus 
crispus has been shown to consist of thick cellulose walls with some other 
intercellular substance, but he adds that the amount of cellulose in red 
algae would not appear to be large. 

[Aimals of Botany, Vol. XL VIII. No. CXCI. July, 1934.} 
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So far as can be ascertained, the evidence for the presence ofceliiiiose 
in the walls of brown and red algae rests on no firmer basis than the test 
with iodine and sulphuric acid in the original weed, which is also positive 
with fucin, and sometimes on the colour given with chlor-zinc iodide, as, for 
example, in Walter’s (9) paper in 1923- 

111 19S3, one of the present authors (B.R-W) isolated cellulose from 
the red alga Chondrtts crispus and showed it to be soluble in cupram- 
monia (7). 

Macrochemical Examination. 

The following algae were investigated: Among the browns, Lami- 
naria saccharma^ Z. digitata, Facus serraius, F. vesicnlosns, Ascophyllum 
nodosum^ Pelvetia canalimlata^ P. canalicidata forma libera ; among the 
reds, Corallina officinalis^ Bostrychia scorpioides^ Chondrus crispzis, and 
Rhodymenia palmata. 

The brown seaweeds were selected with regard to their vertical distri- 
bution. Pelvetia canalicidata forma libera is exposed to the air during 
most of its life, being immersed only during high spring tides, P. canalicidata 
is immersed for a short time every day, Ascophyllum and Fucus vesictdosus 
grow in fairly shallow water, F. serraius in water up to a depth of about 
6 feet, and Laminaria spp. are only exposed during the lowest spring tides. 

The red algae were chosen for their difference of habit ; Corallina is an 
example of a calcareous alga ; Bostrychia^ which is usually found in the 
same type of habitat as P. canaliculata forma libera^ presents a very much 
dissected, filiform type of thaliiis ; Chondrus crispus has a fleshy branched 
thallus, and Rhodymenia palmata has a flat, thin, palmate thallus. 

Estimation of celhdose. 

For most plants the procedure was the same, the crude fibre being 
isolated in the usual way. The weed was first heated for half an hour with 
1*25 per cent, sulphuric acid under a reflux condenser, then filtered off on 
a sinter funnel, to avoid possible contamination with cellulose from filter 
paper, washed free from acid with hot water, and then heated for half an 
hour with 1-25 per cent, caustic soda. The product was again filtered, 
washed free from alkali, dried to constant weight in a steam oven and the 
ash content determined, the weight of organic material being obtained by 
difference. This treatment was varied for Corallina officinalis owing to 
the incrustation of calcium carbonate, the weed being first soaked in 10 per 
cent, acetic acid and the product being estimated on the carbonate-free 
weed. In those brown algae which contain appreciable amounts of fat 
the weed was first freed from fat by ether extraction (3 : 8). 

, Qualitative tests. 

In addition to estimating the crude fibre, another sample was prepared 
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for qualitative examination, and the following tests were applied to estab- 
lish the presence of cellulose : first the colour test with iodine . and 
sulphuric acid ; secondly, solubility in cuprammonia. The substance was 
dissolved in cuprammonia, and subsequently recovered by the addition of 
sulphuric acid. Thirdly, a sample of acetyl cellulose was prepared by the 
method described by Barnett ( 1 ) : this was purified by solution in chloro- 
form, filtered, and recovered by evaporation. If all these tests were 
positive the product was concluded to be cellulose. From all the red algae 
examined a clear white product was obtained which dissolved easily in 
cuprammonia and in the acetyl cellulose reagents. The same held for the 
two species of Laminaria examined, but considerable difficulty was 
experienced at the outset in obtaining from the fucoids a ‘crude fibre' in 
a condition suitable for establishing the presence of cellulose. The pro- 
duct obtained was dark brown, and resisted the solvent action of 
cuprammonia and the acetylating reagents. It was subsequently found 
that this difficulty was due to the fact that the material employed had 
been collected for some time and kept in an air-dried condition, and it was 
only on repeating the experiments on a freshly collected sample, still wet 
with sea-water, that a pure, white ‘ crude fibre ' was obtained, which yielded 
to the solvent action of the reagents above named. 

With such fresh material, however, the procedure had to be slightly 
modified since the wet material could not be extracted with ether to 
remove fat. It was therefore boiled directly for one hour with 5 per cent, 
caustic soda, then for half an hour with 2*5 per cent, sulphuric acid. The 
product gave a good blue colour with iodine and sulphuric acid. In this 
connexion it may be noted that the iodine solution takes some time to 
diffuse into the cellulose and a better result is obtained by teasing out the 
material in the solution. This may account for Ricard's failure to get the 
blue colour with his products- 

The two facts, the importance of using fresh material and the slowness 
of the diffusion of iodine, account for the discrepancies in our preliminary 
work and probably also for the divergent results obtained by other 
authors. 


Conclusions, 

The presence of cellulose was established macrochemically in the cell- 
walls of the following red and brown algae, since all three tests employed 
were positive : Corallina officinalis, Bostrychia scorpioides, Ckondrns crispus, 
Rhodymenia palmata^ Laminaria sacckarina, L. digiiata, Fucus vesictdosus^ 
F, serratiis, Ascophylhmt nodosum^ P.elvetia canaliculata, and P. canaliculaia 
forma libera. 

The results of the quantitative experiments were as follows : 

From Corallina 15';^ per cent, of cellulose was obtained, Bosirychim^ 
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yielded a-6 per cent., Chondrus yielded %-% per cent., Rhodymenia 2-*i per 
cent.. Laminaria saccharina 57 per cent., and L. digitata 37 per cent. 


Microchemical Examination. 

At the outset the staining methods described by Mehta ( 5 ) and others 
were tried on sections of the thallus of various fucoids, but soon discarded 
since the ‘results were inconsistent and indicated physical rather ' than 
chemical constitution. 

To remove the non>cellulose constituents of the cell-walls, sections 
were heated in a 3*5 per cent, solution of sodium carbonate in a boiling 
water bath for one hour, washed till free from alkali, again heated for an 
hour in a boiling water bath with 3*5 per cent, sulphuric acid, and finally 
washed till free from add. Thus the non-cellulose constituents were 
removed, and the now very fragile sections were tested with iodine and 
sulphuric acid. Chlor-zinc Iodide was not used, since experience has shown 
it to be an unreliable reagent. 

Phaeophyceae. ^ 

Fucus vesiculostis (Fig. i) may be taken as a type of the brown algae 
examined. Cellulose was found to occur in the cell-walls of all the three 
main zones of the thallus, and was distributed as follows : in the peripheral 
zone the cells of the outer layer have a marked cap-like thickening of 
cellulose in the exterior wall, but the rest of the wall Is either devoid of 
cellulose or has only a thin lining layer. The cell-walls of the inner layers 
of the peripheral zone have a cellulose lining which increases in thickness 
with age. In the cortical zone the walls are fairly thick, but the amount 
of cellulose is comparatively small and is concentrated in thin concentric 
layers, giving a characteristic stratified appearance when tested with iodine 
and sulphuric acid. In the medullary zone the large primary cells are 
thick walled but with only a small amount of cellulose, concentrated in 
very thin concentric bands, generally two to four in number. The 
descending hyphae are narrow, with thick walls which give a marked 
cellulose reaction but little or no stratification. F. serratus agrees with 
F. mskulosus^ 

In Ascophylhim nodosum (Fig. 3) the outer and inner walls of the 
superficial ceils have marked cellulose caps, whilst the lateral walls are 
always devoid of cellulose. The large thick-walled medullary cells show 
a slight diffusion of cellulose throughout, with a marked concentration in 
numerous concentric bands. 

P . canahctdata (Fig. 3) and its marsh form libera differ from F. vest- 
mlosus in the absence of cellulose, not only from the lateral and basal walls 
of the superficial cells, but also from all the other cells of the peripheral 
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zone* The cells of the cortical and medullary regions are poor in cellulose, 
and the number of laminae, as far as our observations go, is generally less 
than, and rarely exceeds, three. 



Fig. I. Fig. 2. Fig. 3. 


Figs. 1-3, i. Fucm vesiadosus. Transverse section of tiiallus. In this and the succeeding 
figaresthe dots represent cellulose. Fig. 2. Ascophyllum nodosum* Medullary cell showing strati- 
fication of the cellulose (transverse section). Fig. 3. Pelvetia canaliculaia, Thallus (transverse 
section). 

In Z. sacckarina and Z. digitata the concentration of cellulose in the 
outer walls of the peripheral cells is less marked when compared with the 
former plants. The inner peripheral and cortical cells have more cellulose 
in the inner parts of the walls ; all cells have a cellulose lining. 

Rhodophyceae* 

Chondrtis crispus (Fig, 4) belongs to the ‘ Fountain Type’ of red algae* 
All cells of the peripheral zone have a very thin cellulose walk Those of 
the central mass have well defined and often thick walls giving a very good 
cellulose reaction. No stratification of the cellulose occurs. In Rhodymenia 
palmata cellulose occurs in all the cell-walls. Before examining Corallina 
the calcareous incrustation was removed by soaking the specimens over- 
night in 10 per cent, acetic acid. Cellulose occurs in all the cell-walls. 
The ^ link ' cells differ from the other cells of the thallus in being impreg- 
nated with callus, as is indicated by the characteristic reaction with 
coralHn soda. 
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The cell-walls of Bostrychia (Fig. 5) consist largely of cellulose which 
tends to be concentrated towards the inner parts of the cell, but with no 
stratification. 




Fig. 4. Ckondrus crispus* Thallus showing distribution of cellulose (transverse section). 
Fig. 5. Bostrychia scorpioides, Thallus showing distribution of cellulose (transverse section). 


Summary. 

1. The presence of cellulose has been established macrochemically in 
the cell-walls of four red and seven brown algae. 

2. The distribution of the cellulose in the tissues of the various algae 
examined has been worked out. 

In conclusion, the authors wish to thank Professor T. G. Hill and Dr. 
P. Haas for their interest and advice during the progress of the work. 
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On Carpei Polymorphism. VI. 


BY 

EDITH R. SAUNDERS. 

(^Sometime Fellow o-f Newnham College^ Cambridge ) 


With one hundred and fifty-four Figures in the Text. 

T he family Rutaceae which forms the chief subject-matter of the 
present account was selected for detailed investigation for the reason 
that it includes types characterized by features which, on the hitherto 
accepted interpretation of the floral ground-plan, appear as so many 
anomalies, or at best remain without explanation. In the account which 
follows it is shown that on the interpretation here adopted these several 
features fall into line and present no difficulty. Comparison of the Zygo- 
phyllaceae, Meliaceae, Cneoraceae, and Erythroxylaceae, with the Rutaceae 
makes it evident that in these families also an interpretation on the same 
lines meets all the facts. In the course of treating the problem of ob« 
diplostemony a brief reference is also made to the unrelated family Stachy- 
iiraceae, which affords an unusual and instructive case of diplostemony. 


Rutaceae (Figs. i-88). 

In the Rutaceae the flower is very generally with the full number 
of whorls and with a ground-plan isomerous throughout. Nevertheless 
even among types agreeing in these particulars, so many variations occur 
in certain anatomical characters, especially in the case of the androecium 
and gynoecium, as to make it necessary to study each genus separately in 
order to arrive at an understanding of the interrelations of the several floral 
whorls, 

The material available for investigation included the following thirty- 
three species representing twenty-five genera : 


Ademndra tmiflora Willd. 
Aegle sepiaria DC. 
Agathosma imhricata Willd. 
Barosma cremdata Hook. 
Boronia fastigiata Barth 


B. heterophylla F. MuelL 
B, megastigma Nees. 
Calodendrum capensis Thunb. 
Choisya ternata H.B, & K, 
Citrus Aurantmm L. 


f Annals of Botany, Vol. XBVIII. Ho. CXCI, July, 1934*3 
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C. decuman a Murr. 

Cneoriditmi dumostun Hook, f, 
Coleonema album BartL & WendL f, 
Correa spcciosa Ait, 

Diciamnus Fraxinella Pers, 

Diosma sticculenia Berg. 

Eriostemon intermedins Hook. 
Evodia htipeJmtsis Dode. 

Feronia elephaninni Correa. 
Pkebalium argent cum Sm. 
Phellodendro7i japonicnm Maxim, tp . 
P, amure^ise Rupr. 


Ptelea trifoliata L« and 
Rut a bracteosa DC. 

R, grave ohms L. 

Skimmia japonica Thiinb. 

5 . L aureola Sieb. & Zucc. 
Tha^nnosma mo7ttanaToTt. & I"rem. 
Toddalia aculeata Pers. 

Triphasia trifoliata DC. 

Z anthoxylnm Bungei Planch. 5. 

Z , fraxmeuni VVilld. o^. 

Z. planispimim Sieb. & Zucc. 5. 


The results of an examination of the whole floral anatomy of the above 
types, in so far as they concern the problems here dealt with, are given 
below. It will be convenient, however, before proceeding further to give 
some particulars respecting the accompanying figures. Al! are from 
transverse sections taken when in series from below upwards, except 
Figs, 85-8. All figures of sections of any one species are magnified to the 
same scale except Fig. 53, which is more highly magnified than Figs. 54, 55, 
and Figs. 119, 120, which are more highly magnified than Figs, 121-25. 
The same explanatory abbreviations being employed throughout, the 
complete list is given here in order to avoid repetition. 


ap.d, antepetalous disc strands 
a.p,s. antepetalous stamen bundles 
a.p.sJ. antepetalous conjoined stamen- 
disc bundles 

a.s.d. antesepaious disc strands 
a.s.s. antesepaious stamen bundles 
ax.s.d, antesepaious conjoined stamen- 
disc bundles 
, c, canal 

cc, carpel cord formed of the conjoined 
bundles of 1 1 ^ carpels 
cfp, cord formed of a false pair of 
bundles, the two members of the 
pair belonging to different carpels 
cX conducting tissue 
X disc 

d.s. disc strands 
pcR fertile carpel bundles 
pcx. fertile carpel cord 
fic.m. fertile carpel midrib 
g gynophore 

gs. ^gynobasic^ style (filament or 
column) 

mwx» marginal veins of sterile carpels 


o.c, oil-containing cavity 
ov.b. ovule bundle 
p, petal 

p.m. metal midrib 
px, petal-stamen cord 
pLb. placental bundles 
rJ, radius of loculus 

r.p. radius of petal 

r, s. radial split 
i*. space 

s, c. sepal commissural marginal veins 
sxd, sterile carpel bundle 

s.cjn. sterile carpel midrib 
sx md, sterile carpel midrib and laterals 
sjn, sepal midrib 

t, b, twin bundles, each ~ one placental 

strand + half the vascular com- 
plement of the neighbouring 
sterile carpel 

tx. trunk cord for sepal commissural 
marginals, petal midrib, and 
antepetalous stamen bundle 
/./. twin fertile strands of one carpel 
x.y. limit of one unit stigma 


Calyx and corolla. In some types the sepals receive only the midrib 
bundle, which may remain unbranched [Agathosnia, Figs. 19-32) or may 
give rise to true lateral branches Coleonema., Diosma, Ptelea, 
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Ruta^ Skimmia, Triphasid). In other types the vascular supply is more 
abundant. In these cases, in addition to the midrib bundle, the sepals 
receive commissural marginal veins. These veins arise in characteristic 
manner, trunk cords, which turn out on the petal radii, breaking up and 
giving rise to either a petal-stamen cord or a petal-midrib bundle and a 
calyx component which, on dissociation, immediatel}^ forks, the two resulting 
branches passing to the neighbouring sepal to right and left, respectively 
{Adenandra^ Barosma^ Boronia^ Figs, i, ii, Calodeudrum, Figs. 1^4, 25, 
Choisya, Correa). This mode of origin of sepal marginal veins from 
commissural trunk cords is widespread, and has been described in earlier 
accounts of the Cruciferae, Caryophyllaceae, and Primulaceae, and of 
individual genera in other families (see 11, pp. 183, 184). 

Androecium. The androecium is typically two-whoiied and isomerous. 
In a few types, e.g. Diosma, Skimmia, Toddalia^ P hello deitdr 011, only the 
antesepalous members are developed. Both whorls may be fertile, or one 
may be fertile and the other sterile. In the latter case, full development is 
attained by the antesepalous whorl in some species, by the antepetalous in 
others, even sometimes within the same genus {Boronia). This difference in 
fertility may obtain in both diplostemenous and obdiplostemenous forms. 
All members of the androecium receive a vascular strand, whether fertile or 
sterile. Only in a minority of cases do the bundles for both staminal whorls 
leave the central cylinder independently of those for the perianth. Among 
such types we find some {Calodendrtim^ Fig. S5, Ruta^ Triphasia) in which 
the antesepalous, and others {Boroiiia^ Figs. 12, 10, ii) in which the ante- 
petalous, bundles are the first to turn outwards^ In the great majority ot 
species the antesepalous stamen bundles pass out independently, while those 
for the antepetalous members emerge conjoined with the petal midribs, and 
so are carried out earlier. As a rule this reversal of the normal scheme of 
alternation in the out-turning of the stamen bundles is associated with 
obdiplostemony, but in Rutaceae sinuosities in the outline of the disc may 
lessen or altogether nullify the obdiplostemonous effect which would other- 
wise result. The extent to which disc shape may affect stamen position 
is seen at its fullest, perhaps, in Stachyuraceae (see later, p. 683 and 

Figs- 135. i 5 < 5 )- 

Disc. Beneath the gynoecium, surrounding it and fused with its lower 
portion, there is usually a conspicuous cushion of tissue — the disc, often fur- 
nished with numerous vascular strands, which, however, in many types are 
evidently undergoing degeneration. These strands may constitute definite 
antesepalous or antepetalous groups, or they may arise irregularly at 
numerous points on the circumference of the central cylinder. The strands 
may issue independently after the exit of the stamen bundles and before the 
emergence of those for the outer carpel whorl {Adenandra^ Barosma^ Ruid). 
Or they may be carried out conjoined with the bundles for each staimien: 
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wliorl, becoming dissociated as these bundles make their way to the periphery 
{Boronia^ Fig. Citrus^ Ckoisya, Dictmnnus, Ptelea, Fig. 51). In some 
cases where the disc remains fused with the gynoecium above the level of 
origin of the sterile carpel bundles, the innermost of these strands may 
extend outwards for so short a distance that when at a slightly higher 
level disc and ovary become disjoined, a few are left on the inner (i.e. 
gynoecial) side of the split and continue up in the wall of the ovary 
(Figs. 56-9). 

Gynoecium. The gynoecium, which has hitherto been held to consist 
of a single whorl of valve carpels, exhibits extreme variety in form and in 
the degree of union and relative development of its component parts. The 
ovary may be sessile on, or sunk in, a well-developed disc, or it may be 
carried up on a long gynophore {Calode^zdrtim^ Thamnosmd). In a few 
genera it is completely syncarpous, with sessile stigmas {Toddalid}^ or with 
a terminal style column springing from the summit of the ovary, being then 
either miiltilocular throughout {Triphasia) or becoming unilocular above 
{Aegle^ Citrus, Feronia). In the great majority, however, the ovule-bearing 
portion becomes cleft radially to the centre into as many separate ovaries 
as there are loculi (spurious apocarpy). As the pith tissue disappears the 
individual ovaries thus formed only remain coherent through the union of 
the more or less ' gynobasic ’ style filaments into a single column. These 
individual ovaries have hitherto been considered to be monocarpellary. In 
isomerous types these supposedly single carpels are almost invariably 
superposed upon the petals, but in one genus among those investigated 
they were found to be antesepalous. The style filaments, when distinct, 


Figs. 1-9. Boronia heterophylla F. Muell. i. Flower base after the emergence from the central 
cylinder of the orthogonal sepal midribs, and the dissociation of the diagonal trunk cords into the sepal 
marginals and branching petal midribs. [The distal portion of each sepal has been cut away.] 
2. The same after the exsertion of the sepals. At the periphery the four petals not yet exserted. In 
the centre the residual vascular ring from which the four antepetalous stamen-disc cords are about to 
emerge ; the corresponding antesepalous cords are defined but have not yet turned outwards. 3. The 
same after exsertion of the petals, one of which is shown in position. The cords which dissociate later 
into the antepetalous stamen bundles and disc strands have left the central cylinder, those for the 
antesepalous stamen bundles and disc strands which turn out a little later, are seen on the alternate 
radii. 4, The flower after exsertion of the perianth and both stamen whorls. At the periphery disc 
tissue becoming 4 lobed through indentations in the orthogonal planes. In the centre the residual 
vascular cylinder from which the sterile carpel midribs are emerging on the radii of the petals. 5. The 
same after the sterile carpel midribs have left the central cylinder ; each is giving rise to a pair of 
lateral veins. The lobing of the disc tissue seen in 4 has extended inwards along the mid-line of 
each fertile carpel. In the centre the residual vascular elements are becoming organized into the 
twin fertile strands of the inner carpels. 6, The gynoecium surrounded by a thin ring of disc tissue 
at the level of origin of the loculi, showing extension of the radial splitting, and the demarcation of 
the inner boundary of the carpels from the pith preparatory to complete separation into four distinct 
ovaries (spurious apocarpy), each composed of one sterile carpel together with half a fertile carpel 
on each side. The twin bundles of each fertile member have diverged and now lie close to the 
adjacent bundle of the neighbouring carpel on each side, thus giving rise to false pairs. 7* The 
individual ovaries reunited at the level of transition to the single style column, each showing a sterile 
carpel midrib and the bundle proper to half the fertile carpel on each side. 8. Base of the large 
4-sided columnar stigma. The three separate bundles seen in each ovary in 7 have fused into a single 
cord. 9. Apex of the same showing four defined lobes. (The lobes are centred over the loculi and 
hence are antepetalous, not antesepalous as incorrectly stated in some accounts. See also Fig.; 85'?®#:)'; 
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whether springing from the summit of the ovary or * gynobasic \ are always 
superposed upon the loculi, and hence in isomerous types, with the one 
above-mentioned exception, stand in line with the petals. The same is 
generally true also respecting the position of the stigma lobes. But In the 
genus Boronia, w-hile the lobes of some species [fastigiata, heteropliylla) 
undoubtedly stand in this position (Figs. 85 a, 85 b), those of other species 
{megastigma., Ptirdieana) have the appearance of being superposed on the 
sepals (Fig. 85 C), and have been so described, though both groups have 
the same ground-plan. This appearance is found, however, to be delusive 
(see later, pp. 653-6.) 

Despite these many variations in outward appearance and orientation, 
an examination of the vascular anatomy considered in conjunction with 
the outward form shows that in Rutaceae, as in all other families so far 
investigated, the gynoecium is invariably composed of tzvo carpel whorls, 
the outer sterile, the inner fertile. The midrib bundles of the sterile carpels 
are rarely well developed and are not infrequently lacking ; those of the 
fertile members are even more rarely traceable. Two circumstances appear 
likely to have contributed to this result. In the first place, the base of 
the ovary is commonly encircled by, and undelimited from, a thick mass 
of disc tissue. This tissue frequently contains a considerable number of 
vascular strands, though in many forms they are evidently in process of 
degeneration. They may, indeed, remain entirely undifferentiated ; even 
where differentiation takes place the lowest portion connecting with the 
central cylinder often remains unlignified. A slight further decrease in 
general vigour in the same region at a later stage might well lead to a 
similar result in regard to the outgoing carpel bundles. Secondly, a feeble 
development of the carpel midribs seems very generally to characterize 
types with abundant secretion, whether of oil or mucilage, and the ovary 
in the Rutaceae, like the other organs of the plant, is usually furnished 
with an abundance of secretory cavities. We meet with the same association 
in the Malvaceae, which includes genera rich in mucilage. 

The sterile carpels of most genera appear to be of the consolidated 
type, but in some in which the midribs are well developed, at least at the 
base (Boronia^ Figs. 5, 6, Eriostemon, Phebalium, Ptelea, Fig. 5:21., Zaniho- 
xylmn^ Figs. 40-a, 44, 45), the mode of branching is that characteristic of 
the valve type. 

The fact that in the fertile carpels midrib bundles are very generally 
lacking, or if present, persist only for a short distance, leaves the way open 
for, if indeed it is not the primary cause of, the radial splitting in the mid- 
line of these carpels, which brings about the condition of spurious apocarpy 
characteristic of the majority of rutaceous genera. This splitting may 
proceed from without inwards, or, wfoere the pith disappears quite early, 
from the ventral face outwards. In a few types (e.g. Correa^ Eriostemon) it 
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is initiated by an interstitial slit in the mid-line of the fertile carpel (septum) 
which may then extend in one or both directions. If the pith persists, 
extension of the slit inwards does not take place, and the ovary remains 
slightly lobed but syncarpous, as in Toddalia. Such a case as this last- 
named genus at once suggests comparison with certain types in the Liliaceae, 
in which family similar slits (septal glands) are characteristic of all but a 
few types, viz. Tulipa^ Fritillaria, Lilium. In these three exceptional 
genera, fertile as well as sterile carpels possess a well-developed midrib 
bundle running up in the outer wall of the ovary, and in these types the septal 
glands are lacking (see 5, p. 163, Figs. 76-80). In other liliaceous genera 
the single midrib bundle of the fertile carpels is replaced by a double row 
of radially arranged strands between which the lumen of the gland makes 
its appearance [loc. cit.^ Figs. 81-3). In these cases the slit does not 
extend to the outer surface until near the top of the ovary where the gland 
opens to the exterior. In rutaceous genera the interstitial slit usually 
extends to the outer surface at once, hence a condition of more or less 
complete apocarpy is brought about. 

It follows from what has been stated above that the individual ovaries 
in the pscudo-apocarpous Rutaceae are not constructed of a single carpel, 
Each is composed of the J i I carpel combination with which we are now 
familiar in many other families, the whole carpel being the sterile member 
which is flanked on either side by half a fertile carpel. We see, in fact, 
brought about prematurely in the rutaceous gynoecium by disjunction the 
same result which is accomplished by rupture of the tissue in the fruiting 
stage in all types in which dehiscence is ‘ septicidal k 

Other facts corroborative of the presence of two carpel whorls in 
addition to the fundamental feature characteristic of the syncarpous 
gynoecium in all families (viz, that two successive whorls of midrib bundles 
on alternate radii are traceable, either being found in types to-day or having 
obviously been developed in the past and since lost) will be most con- 
veniently dealt with in the descriptions given below of representative genera 
in which they are to be observed. 

As has already been noted, the sterile carpel midribs and loculi in 
isonierous t3^pes are almost invariably situated on the radii of the petals, 
although where the full number of whorls is present strict alternation of the 
whorls should bring them in line with the sepals. This disposition is shown in 
all the types dealt with below to follow directly from the particular vascular 
scheme in each case. Indeed, a comparison of the mode of origin of the 
vascular bundles for each successive whorl, whether independent or conjoined 
with those of a superposed whorl, shows that no better illustration could be 
found than that afforded by the Rutaceae of the principle laid down in 
previous accounts, that it is not alternation between successive whorls of 
members but alternation between successive whorls of issuing vascular bundles 
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Figs. 10-23. 10-16. Boronia megastigma Nees. 10. Base of flower at the level 01 origin of the 
sepal midrib bundles in the orthogonal, and of the trunk cords for the sepal commissural marginals 
and petal midribs in the diagonal, planes. Two of these cords have already split up into their 
components. Nearer the centre the residual vascular ring in which the early delimitation of the 
strands which furnish the antepetalous stamen bundles is already to be detected. 1 1, The same at 
the level at which dissociation of all four diagonal trunk cords into their components is all but 
complete. For convenience of arrangement the distal portion of the sepals has been cut away. 
12. The flower after exsertion of calyx, corolla, and antesepalous stamens, and the emergence of a set 
of trunk cords on the sepal radii. These later cords have just split up into their stamen and disc 
components. On the petal radii only the disc strands of the corresponding trunk cords are to be 
seen, the stamen bundles having passed out into the exserted members. In the centre the residual 
vascular ring from which the sterile carpel midribs are about to emerge on the diagonal (antepetalous) 
radii. 13. The ovary still surrounded by disc tissue except in the sector below on the right in 
which the loculus has made its appearance ; here the outer wall is now exposed. The sterile carpel 
midribs have left the central cylinder and given rise to a pair of lateral veins. In the centre a space 
resulting from the disappearance of the pith. In a ring around this space the twin bundles of the 
fertile carpels which are beginning to split from the centre outwards. [Compare Figs. 4-6 showing 
corresponding stages in B, het&ropkylla where the splitting proceeds at first from without inwards.] 
In conformity with this splitting the placental strands come to be rearranged in false pairs. 

14. Apex of one of the four ovaries, now wholly free through completion of the radial split 
(spurious apocarpy), showing a sterile carpel midrib and one of the twin strands of the fertile carpel 
on each side. 15, 16. The four-armed stigma formed by the reunion of the halves of the split 
carpels, the arms extending outwards on the radii between the loculi, i.e. in line with the sepals. 

15. The basal region. Between the arms, i.e. over the loculi, a single vascular cord representing a 

sterile carpel midrib fused with one of the twin strands of the fertile carpel on each side. 16. The 
apical region. The vascular cords seen in 15 are breaking up into their components, each fertile 
carpel strand, after separating from the sterile carpel midrib, curves outwards into the half of the 
neighbouring arm to which it properly belongs. In the mid-line of each arm a radial split wliere 
the reunited halves of the carpel have begun to separate again from each other, (See also Figs. 85 c, D.) 
17, 18 fastigiaia Bartl. 17. I'he gynoecium of four separate ovaries formed as in B, heterophylla 
(see Figs. 4-6). Each ovara shows a sterile carpel midrib with a pair of laterals and one of the 
twin strands of the fertile carpel on either side. 18. The style column just before it terminates in four 
(in the specimen figured) barely confluent stigmas which stand over the loculi and hence in line with 
the petals. The three vascular strands seen in each ovary wall in 17 have fused into a single cord. 
(See also Figs. 7, 8.) Four areas of conducting tissue in line with these cords connect with the 
central canal. Agathosma imbricata'^iViA, From a pentamerons flower, 19. Flower base 

at the level at which the sepal midrib bundles (here the sole vascular supply of the calyx) turn 
outwards to the periphery. 20. The same after the five trunk cords which furnish the petal midribs 
and the bundles for the superposed stamens have left the central cylinder on the one set of radii and 
have been followed on the other set of radii by the five bundles for the antesepalous stamens. (The 
disc strands are not represented). 21. The same at the level of disjunction of the oligomerous 
gynoecium from the surrounding ring of perianih-stamen-disc tissue. Radial splitting of the fertile 
carpels from without inwards has already begun. No midrib bundles are traceable in the carpels. 
Near the centre the twin placental strands of the three fertile carpels, each pair becoming separated 
later through extension of the line of cleavage. 22. The flower after the petals and ante- 
petalous stamens have become disjoined. (The vascular system of the gynoecium is not represented.) 
23. The gynoecium after it has become split into three separate ovaries in which the loculi have become 
closed. In the centre the ‘ gynobasic ^ style column showing a single three-lohed area of conducting 
tissue formed by the confluence of three originally separate areas (compare Fig, 18). 
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(by no means necessarily one and the same thing) which constiitites the 
fundamental relation tmderlying all floral ground-plans. This will be 
apparent if we now consider the whole vascular scheme in some illustrative 
cases. [It is to be understood that the full number of whorls is present in 
the types described unless otherwise stated.] 

Adenandra uniflora Willd. Calyx, corolla, and androeciiim are coherent 
at their base into a thick cup which is lined with disc tissue, the ovary 
being sessile and sunk in the cup so formed. The sepals are furnished with 
commissural marginal veins. On the one set of radii the bundles for the 
aiitesepalous members of the androecium turn out independently, following 
those for the sepal midribs. On the alternate radii sepal commissural 
marginals, petal midribs, and the bundles for the antepetalous members of 
the androecium all pass out together conjoined into a single set of trunk 
cords. These are followed later by the set of strands which supply the 
disc. These strands bring with them to the periphery of the vascular 
cylinder the vascular elements which initiate the outer whorl of bundles for 
the gynoecium, i.e. those for the sterile members. The breaking up of this 
complex takes place in. this type at the boundary of the central cylinder 
instead, as is more usual, in the cortex at some greater or lesser distance 
from it. The appearance of the sterile carpel bundles on the petal radii is 
thus in accordance with the general scheme of alternation of the successive 
sets of simultaneously organized bundles for the several whorls, this position 
involving, as a natural consequence, antepetalous loculi, 

Agathosma imbricata Willd. (Figs. 19-33). Here the sepals are with- 
out marginal veins. The out-turning of the sepal midrib bundles is followed 
by the appearance on the same set of radii of a set#of trunk cords which 
give rise to the antesepalous stamen bundles and the disc strands on these 
radii. On the alternate radii one set of trunk cords furnishes the petal 
midribs, the bundles for the superposed stamens and the disc strands on 
these radii. The gynoecium is usually oligomerous, hence the position of 
the carpels and loculi call for no special comment. Midrib bundles are no 
longer traceable in either the sterile or the fertile carpels. The gynoecium 
shows characteristic radial splitting of the fertile members and a ‘ gyno- 
basic ' style filament. 

Barosma crenulaia Hook. (Figs, 31-4). Here, as in Adenandra, the 
antepetalous stamen bundles as well as the petal midribs are conjoined 
with the sepal commissural marginals into one set of trunk cords, while the 
antesepalous stamen bundles turn out independently. Disc strands follow 
on both sets of radii, and are followed in their turn on both sets of radii 
by a carpel midrib bundle, for in this type we have an exceptional case in 
which both sets of carpel midribs attain an appreciable degree of differentia- 
tion. That the outer (sterile) set should be those on the petal radii is, in 
the above circumstances, entirely in accord with the normal scheme of 
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alternation of the several whorls of outgoing bundles. Antepetalous loculi 
naturally follow. 

Boronia heterophylla F. MuelL (Figs. 1-9 and 8513)5-5. megasttgma 
Nees (Figs. 10--16 and 85 C. D), B. fastigiata Bartl. (Figs. 17, 18, and 85 a). 
The out-turning sepal midrib bundles are followed later by an independent 
set of trunk cords which break up on their way to the periphery, giving 
rise in each case to a bundle for the corresponding antesepalous stamen 
and to disc strands. After the emergence of the sepal midrib bundles the 
vascular elements in the central ring lying on the alternate radii become 
organized in each case into a complex which slightly projects at each angle 
as the ring assumes a four-sided outline. Each complex breaks up as it 
begins to turn outwards. The resulting peripheral portion, which leaves 
the ring at once, breaks up further into the sepal commissural marginals 
and a petal midrib ; the remaining portion left behind at the angle turns 
outwards a little later, in its turn breaking up further in each case into the 
bundle for the corresponding antepetalous stamen and the disc strands 
originating on this radius. The sepal commissural marginals, petal midribs, 
antepetalous stamen bundles and disc strands all being derived on each 
radius from one defined group of vascular elements ^ (although this relation 
is obscured by the manner of break-up) it is in accord with the genera] 
scheme of alteration of the successive whorls of outgoing bundles that the 
first bundles to turn outwards for the gynoecium should emerge on the 
petal radii, and hence that the loculi should be antepetalous. 

In those species with styles distinct or united only at the apex, each 
terminating in a small capitate stigma, as in B. fastigiata (Fig. 85 a), it is 
at once evident that each stigma is centred over a loculus and hence is 
antepetalous. Where the whole gynoecium terminates in a single stout 
cone surmounted by four small triangular horizontal lobes, as in B. hetero- 
t}hylla (Fig. 85 B), the same relation is found to hold, though it is not so 
easily observed. Each of the four lobes is morphologically equivalent to 
one of the four capitate stigmas of fastigiata and is situated on a corre- 
sponding radius. On the other hand, in such species as megastigma and 
Purdieana in which the gynoecium terminates in four large, almost sessile, 
antesepalous, horizontal ‘ arms ^ (Fig. 85 C), these ' arms ’ are not comparable 
morphologically with the individual stigma structures of such species as 
fastigiata and heterophylla. On the present interpretation of the gynoecium, 
each individual stigma in the two last-named species represents the 
termination of one whole sterile carpel and half the fertile carpel on either 
side. Now in megastigma and similar forms the above-mentioned arms are 
centred on the radii between the loculi. Each is formed, as will appear, of 
the partially reunited halves of one whole fertile carpel, which at a lower 
level shows the complete radial split characteristic of all Boronia species 

^ Best seen in A 
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and of the Rutaceae in general. To regard the four arms as the four 
individual stigmas of the tetramerous gynoecium is to hold them to be 
commissural. Now it is to be noted that in no single case yet investigated 
has the commissural stigma proved to be a reality if the conception of 
sterile and fertile carpels be accepted. Nor is it so here. The boundaries 
of the real stigma units cut across the four-arm configuration, as is plainly 
shown by the vascular scheme, each unit consisting, not of one whole arm, 
but of the sector between two neighbouring arms (=:one whole valve 
carpel) together with half the arm (= half one fertile carpel) on either side. 
That is to say, each individual stigmatic unit in the megastigma type has 
the same construction and occupies the same position as the stigmatic unit 
in the fasiigiata and heterophylla types. As in these latter types, it is 
centred over the loculus and hence is antepetalous. The real point of 
difference between the two groups of species is that in the fastigiata- 
heierophylla group the sterile carpel slightly exceeds the halved fertile 
carpels in length. This relation results, when style and stigma units are 
separate, in the slender filaments and capitate stigmas of fasiigiata 
(Fig. 85 a), when conjoined, in the stout cone topped with the flat incurved 
lobes of heterophylla (Fig. 85 B). In the megastigma class this relation is 
reversed, the fertile carpels far exceeding the sterile members in length. 
But the four component stigma units are still centred over the sterile 
members. Tliey have the form of four anchor heads, from which the 
shanks have been cut off, so placed that they are in contact, with the heads 
all meeting at a common centre. Just as each anchor head shows the top 
of the shank and the fluke on each side ; so the unit components of the 
whole stigma are formed of the apex of a sterile carpel together with the 
half of a much longer fertile carpel on each side. The two adjacent flukes 
of neighbouring anchors correspond with the partially reunited halves of 
one fertile member, i.e. with one arm of the cross. The arms are, as they 


Figs, 24-30. Calodendmni capensis Thiinb. 24. Flower base after the five bundles for the 
sepal midribs have emerged from the central cylinder. On the alternate set of radii the complex 
which later breaks up into sepal commissural marginals and a petal midrib is already defined and 
about to turn outwards. 25. The same after the petal midribs have become dissociated from the sepal 
marginals, The bundles for the antesepalous stamens are about to turn outwards on the alternate 
radii. [For convenience of arrangement a portion of the two lower sepals has been cut away,] 
26. The same after exsertion of the calyx. At the periphery the five petals not yet exserted. Nearer 
the centre the ring of bundles for the two stamen whorls, those for the antesepalous members 
standing farther out than those for the antepetalous members. Within this ring the scattered disc 
strands, and within these again the residual vascular bundles serving the gynoecium. 27. The 
stamiiial ring lined with disc tissue. The position of the bundles indicates a diplostemcnous 
arrangement In the centre the now free cylindrical gynophore. 28. The staminal ring still showing 
a diplostemenous arrangement at the level at which the filaments begin to separate. 29. Ovary 
base after the appearance of the loculi which stand in line with the sepals. On the alternate radii 
the twin placental bundles of the fertile carpels. Strands from these bundles pass outwards around 
the loculi into the outer wall of the ovary. 30. The five ovaries arising by spurious a|?ocarpy in a 
ring round the ‘ gynobasic ^ style column. In the style column five stylar canals in line with the 
now-closed loculi. In each ovary two sets of vascular strands are turning inwards on their way to 
enter the style column. These two sets belong respectively to half the fertile carpel on each side of 
the intervening sterile member, the midrib bundle of which is not developed. 

XX 
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appear to be^ commissural, for they represent an alternate whorl of fertile 
carpels, but the quadrants corresponding with the four-unit stigmas are not. 
The boundaries of the quadrants are indicated in a view of the whole 
stigmatic structure viewed from above shown in Fig. 85 C. A comparison 
of the vascular scheme in these three species affords complete confirmation 
of the above interpretation. In heterophylla each quadrant of the style- 
stigma column corresponding with one of the four terminal lobes receives 
the whole midrib bundle of a sterile carpel, and on each side of this another 
bundle representing half the vascular system of the neighbouring fertile 
carpel to right and left respectively (Fig. 7). These three bundles fuse as 
they pass upward, each quadrant thereafter showing a single strand (Fig. 8). 
In megastigma the grouping of the bundles entering the short style is the 
same. But here fusion of the sterile carpel midrib with the bundle belong- 
ing to half of the fertile carpel on each side (Fig. 15) is followed later by 
dissociation of the cords thus formed into their three components. This 
separation is seen in process of taking place in Fig. t 6. The diagonal 
sectors between the arms are formed of the sterile carpels. From the mid- 
rib bundles of these carpels the strands proper to half the fertile carpel on 
each side are turning horizontally outwards and passing into the corre- 
sponding half arm. Each of the four arms shows a median radial slit. 
The radial splitting of the fertile carpels characteristic of the ovary region 
in Boronia^ as in the Rutaceae in general, being, as is also characteristic in 
this family, non-existent in the style region, here reappears at the stigma 
level as an interstitial slit which extends shortly to the surface. It is thus 
clear that each arm represents one whole fertile carpel and each sector 
between the arms one whole sterile carpel. And further, that the four-arm 
configuration lies crosswise to the boundaries of the four component stigma 
units, each of which consists, not of one whole arm, but of the whole sector 
lying between the radial slits of two neighbouring arms (see x^y in Fig, 8), 
that is to say, of ^ 1 1 carpels. 

Thus in Eoronia^ as in every other case so far investigated, the com- 
missural stigma, a conception needed to cover the facts on the old tradi- 
tional view that the syncarpous gynoecium is composed of a single whorl 
of valve carpels, proves to be neither I'eal, nor, on the present interpretation, 
required. 

Calodendrim capensis Thunb. (Figs. £^4—30), This genus is of excep- 
tional interest, for unlike other isomerous members of the family having the 
full number of fioral whorls, it has a diplostemenoiis flower with the loculi 
originating in line with the sepals. No explanation of these opposite rela- 
tions among nearly related forms having the same ground-plan has so far 
been suggested. Indeed, it is possible that the above unusual feature of the 
Calodendrum gymccmm has escaped notice, for I have been unable to find 
any reference to the orientation of the gynoecium in descriptions of the 
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flower in systematic works. This conjecture is rendered the more likely 
by the fact that the ovary here eventually becomes raised on an extremely 
long gynophore, which, as it elongates, becomes slightly twisted, a feature 
which tends to obscure the original position of the loculi and the true radial 
relations of carpel and perianth whorls. The interest attaching to the case 
of Calodendrnm^ however, goes beyond the fact that it apparently stands 
alone among comparable Rutaceae in respect of the position of the loculi, 
for the results of the present series of investigations of many families have 
led to the conclusion that in the complete Dicotyledon flower the tminter- 
rupted alternation of all the whorls only occtcrs when some specific adjustment 
comes into play which provides a way of overcoming resisia7ice to expansion^ 
or as we may alternatively express it, of relieving the congestion which, it 
may be supposed, necessarily increases towards the ccftire as each successive 
whorl, still stirrounded by, a^id contimwns voith^ the tissue of the earlier 
whorls, begins to cxte^id otitivards. It is perhaps scarcely realized how rare 
is the isomerous Dicotyledon showing alternation throughout all whorls of 
perianth, androecium, and gynoecium. I doubt, indeed, if this condition 
ever occurs unless some special arrangement is also present affording the 
necessary 'relief’ either in the final stages, as in Calodendnmi (see below), 
or at some earlier point, as is well illustrated, e.g. in a member of another 
family, Stachynrus praecox Sieb., and Ziicc. (Stachyuraceae). 

Furthermore, on the present view we can well understand why the 
obdiplostemenous condition is not found among Monocotyledons. 
{Rapatea, contrary to description, is no exception.) In the h37pogynous, 
isomerous, trimerous types of the Liliaceae the ground-plan is the same as 
in the riitaceous genus Triphasia^axd the ericaceous genus Tripetakia,y ttin 
contrast with these two types the liliaceous loculi are antesepalous and the 
stamens diplostemenous. They are so because in the Monocotyledon the 
conditions which are held to set up a state of congestion do not obtain. 
There is no central vascular cylinder from which the carpel-midrib bundles 
originate as in the typical Dicotyledon. Instead, a minimum of vascular 
tissue is present in the form of widely separated bundles scattered in the 
parenchymatous tissue. If we take for comparison those liliaceous types in 
which a bundle is present in the fertile carpels corresponding with the 
midrib bundle of the sterile members, as, e.g., Tulipa^ we find (i) that the ^ 
turning outwards of the carpel midrib bundles preparatory to the expan-/ 
sion of the carpels and the formation of loculi does not take place until 
after the exsertion of the stamens, and (i:^) that the sterile carpel midribs 
stand from the outset at such a distance from the axis centre that when 
they turn outwards they run horizontally for a very short distance before 
turning upwards. As no bundles lie peripherally to them the w:ay is open. 
There is no blocking involving compression, consequently no state of con- 
gestion is set up. In these ciixumstances there is no disturbance of the 
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regular sequence, the androecium is diplostemenous and the locuH ante- 
sepalous. 

Sections taken through the base of the flower of Calodendrum reveal 
the following facts. The thick sepals which at the base have a convex 
inner outline are still continuous with each other at their edges and with 
the axis tissue on their inner face at the level at which the bundles for the 
corolla and androecium are already defined and lie outside the vascular 
cylinder. The sepals are furnished with commissural marginals which carry 
out the petal midrib bundles in the usual way (Fig. 24), The bundles for 
both stamen whorls leave the central cylinder independently of the bundles 
for the perianth (Figs, 26). Bundles for the short tubular disc arise on 
both sets of radii almost simultaneously with the stamen bundles. Here 
we have a perfectly regular and uninterrupted alternation of the outgoing 
strands for the successive whorls, which is continued by the development of 
those for the outer sterile carpels, one result of this alternation being that 
the loculi make their appearance on the radii of the sepals. Yet here, in 
particular, the contrary result might have been anticipated. For any 
* relief \ or gain in time which conceivably results when the petal midrib 
bundles are carried out with the sepal marginals is neutralized in the 
present case owing to the fact that the petal bundles become detached at 
the moment the trunk cords emerge, and are left behind at the boundary of 
the central cylinder. They are prevented from at once making their way 
farther out by the fact that the calyx still forms a continuous belt of tissue 
at the periphery at this level. As a result the antepetalous stamen bundles 
are in turn kept back and lie farther in (nearer the centre) than those for 
the antesepalous stamens (Figs. 26-28). How then does it remain possible 
for the scheme of alternation to be continued by both the carpellary whorls 
if the present conception of the cause of obdiplostemony and antepetalous 
loculi, in cases where perianth midribs and stamen bundles turn out inde- 
pendently on their respective radii, is well founded ? The explanation is 
to be found in the fact that the gynophore becomes disjoined from, and 
lies free within, the encircling staminal tube below the level at which the 
carpels begin to extend in the radial direction (Fig. 27). There is therefore 
not the thrust from within outwards to which the developing androecium 
is ordinarily subjected. There is no cumulative congestion effect such as 
is presumed to occur where there is no break in continuity between the 
more internal developing gynoecium tissue and that of the several outer 
whorls, and no gain in time through fusion of the midrib bundles of two 
superposed whorls into a single trunk cord. A simpler and more convinc- 
ing case in support of the view here taken that a causal connexion exists 
between antepetalous loculi and obdiplostemony could hardly be produced. 
Where, as here, there is no blocking effect to retard the expanding of the 
gynoecium on the sepal radii there is no obdiplostemony. Where, on the 
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Other hand, such blocking exists, as is particularly well illustrated in 
Erodium and Geranium^ in which the radial dimension of the antepetalous 
carpels exceeds to an exceptional degree that of the antesepalous 
members, obdiplostemony is well marked. It is difficult to see in what 
other way than that here suggested it is possible to account for the 
change from alternation to superposition of the whorls and at the same 
time to cover all the facts. As the gynophore in Calodendrum elongates, 
a slight twisting eventually brings the loculi more or less over the petals, 
consequently unless the flower is examined in the bud stage the true posi- 
tion of the two carpel whorls is not obvious on inspection. 

Dictamnus Fraxinella Pers. The bundles which turn out from the 
central cylinder for the sepal midribs are followed immediately by the 
composite bundles composed of the bundles for the antesepalous stamens 
and of the strands for the corresponding sectors of the disc. On the other 
hand, on the alternate radii the vascular components for sepal commissural 
marginals, petal midribs, antepetalous stamen bundles, and the strands for 
the corresponding sectors of the disc all leave the central cylinder simul- 
taneously conjoined into one set of trunk cords. Hence it is entirely in 
accord with the general scheme of alternation of the successive sets of out- 
turning bundles that the sterile carpel midribs should follow on the petal 
radii, thus accounting for the antepetalous position of the loculi. 

Diosma succtdenia Berg. A 5 + o. In this type the sepals are not 
supplied with commissural marginal veins and no antepetalous stamen 
bundles are formed. Two successive whorls of bundles, sepal midribs, and 
antesepalous stamen bundles turn out on the sepal radii before the emergence 
of the bundles for the gynoecium, while only one set of bundles, the petal 
midribs, emerge on the petal radii. Hence the next whorl of bundles to 
turn outwards, those of the sterile carpels, in accordance with the general 
scheme of alternation, emerge on the petal radii. 

Rtita bracteosa DC., R,graveolens L. (Fig. 36). The sepal midribs, 
which here form their own laterals, are followed on the same radii by the 
independent bundles of the antesepalous stamens. The petal midribs are 
similarly followed by the bundles for the antepetalous staijnens. Strands 
for the disc issue from the central cylinder later again, but as they appear 
to emerge irregularly round the whole circumference of the central cylinder 
they presumably do not affect the sequence of the succeeding whorls. These 
strands show a marked degree of degeneration, many remaining entirely 
undifferentiated ; even those that undergo a considerable degree of dif- 
ferentiation usually have the basal region connected with the central 
cylindei^ quite imlignified. The regular alternation exhibited by the 
perianth and stanaen whorls is broken by the superposition of the sterile 
carpel midribs upon those of the preceding whorl, le. upon the antepetalous 
stamens, a position which brings the locuH in line with the petals. T^ is 
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Figs. 31-52. 31-4. Barosma crenulata Hook. From a pentamerous flower. 31. The 
gynophore. Towards the periphery on the one set of radii the midrib bundles for the whorl of 
outer sterile carpels ; on the alternate set of radii the corresponding bundles for the inner fertile 
carpels. Near the centre the twin placental strands of each fertile member. 32, Ovary base 
immediately after the ap^iearance of the loculi. The vascular scheme as in 31. 33. Ovary apex 
showing the pair of outgrowths from each sterile carpel supplied by branches from the midrib. In 
the centre the outline of the ^ gynobasic ’ style column is defined. Within this outline the placental 
strands of the five fertile carpels grouped in false pairs. 34. The style column with the true pairs of 
placental strands alternating with the convexities in the outline which indicate the radii of the 
loculi. 35. Toddalia amleata Pers. The gynoeciura of an isomerous pentamerous ^ flower at the 
stigma level. At the circumference a continuous layer of papillose cells. Towards the periphery, 
on the radii of the loculi, the five groups of vascular strands belonging to the sterile carpels. 
Slightly nearer the centre the twin placental strands of the fertile carpels arranged in false pairs, the 
pairs proper to each carpel member alternating with the five areas of conducting tissue superposed 
on the loculi. In the centre the persistent pith. (See also Fig. 87.) 36. Riita ^raveolens L. From 
a tetramerous flower. The ovary base surrounded by disc tissue. On the diagonal radii the issuing 
midrib bundles of the four sterile carpels. Between these bundles the branches derived from them 
and also strands for the disc, both with the basal region frequently undifferentiated. In the centre 
the residual vascular tissue not yet organized into the twin placental strands of the four fertile 
members. 37-43. Zantho.xyliim planispimim Sieb. and Zucc. 5. From a K 4 C 4 flower with a 
dimerous g\noecium. 37, 38. Flower base at the level of origin of the bundles for the perianth 
members. 39. The same after exsertion of six members of the perianth. (Exsertion of the two 
median sepals is delayed until after that of the petals.) 40. The gyiiophore. In the central ring 
the two bundles which will lurnish the midribs of the two sterile carpels are already defined. 
41. B.ise of the gynoeciiini at the level at which the two sterile carpel midribs, each with a pair of 
laterals, turn out from the central cylinder. 42. The same after the organization of the residual 
vascular elements seen in 41 into the twin strands of two median fertile carpels and their later 
separation into false pairs. These carpels have already begun to split in half from without inwards. 

43. One of the two ovaries formed by the radial splitting seen in 42. The two bundles as in Fig. 14. 
In the position of the sterile midrib wdiich is no longer traceable is a large secretory cavity. 

44, 45, Z. Btmgei Planch. J. The gynoecium of an isomerous tetramerous flower. In 44 the sterile 
carpel midribs are in process of turning out from the central cylinder, leaving behind the vascular 
elements which become organized into the twin placental strands of the fertile carpels on the alternate 
radii. 45. After the organization of the twin strands of the fertile carpels and their separation into 
false pairs preparatory to the complete splitting in half of these members. 46-9. Z, fraxineum 
Willd, o^. 46. Flower base above the level of exsertion of the perianth and stamens. At the 
periphery, disc tissue. In the centre a complete ring of bundles, of which only the four in the 
diagonal planes show differentiated xylem elements. 47. The gynophore. In the diagonal planes 
the four differentiated bundles seen in 46 which furnish the midribs of four sterile carpels. 48. The 
four sterile carpels in process of separation. The midribs are turning outwards preparatory to 
the attempt to form loculi. 49. A single carpel disjoined from the others at the level at which 
it passes into the style filament. 50-2. Ftclea trifoliata L., From a pentamerous flower. 
50. Flower base just below the level of exsertion of five sepals which are without commissural 
marginals. On the alternate radii the bundles which pass intact into the petals to furnish the mid- 
ribs. About to emerge from the central cylinder on the radii of the se|,ialsare five trunk cords which 
give rise to the bundles for an antesepalons stamen whorl and five groups of strands for the disc. 
(A portion of one sepal has been cut away.) 51. The same after all but two members of the perianth 
nave been detached. Stamen bundles and disc strands are now disjoined. The bundles for two 
sterile valve carpel midribs have just turned outwards leaving behind a complete ring of vascular 
strands. 52 a-d. The gynoecium now free from the disc. In A branches from the midribs of the 
two valve carpels are e.\tending round the circumference of the ovary. In B the two branch systems 
have become continuous, the outer pair of carpels completely enveloping the inner pair of which 
the vascular bundles are not yet organized. In c the loculi have appeared and the twin placental 
strands of the two fertile carpels are now differentiated. In D the tertile carpels have become dis- 
joined along their inner face, thus rendering the ovary unilocular. The placentae bear rudimentary 
ovules. 
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the arrangement met with^in most isomerous pentamerous and tetramerous 
dicotyledon types which have the full number of whorls and in which the 
bundles for the several whorls turn out independently from the central 
cylinder. It is one which we may expect to find, on the view outlined 
above, in all similar cases unless some special feature, such, e,g,, as the 
development of a gynophore which in Calodendntm (see above, p, 657) 
and in certain of the Caryophyllaceae (10, pp. 240 and 243, Fig. 8) affords 
the necessary relief from what I have described as the cumulative congestion 
effect which otherwise would be set up, and thus allows the regular alter- 
nation seen in the successive whorls of perianth and androecium to be 
continued in the two whorls of the gynoecium. 

Toddalia aculeata Pers. 5. A 54-0 (Figs. 35 and 87). Only the ante- 
sepalous whorl of the androecium is present. The bundles for these 
members turn out independently from the central cylinder as in the pre- 
ceding types. The vascular system of each sterile carpel and of the corre- 
sponding sector of the disc is supplied by a group of composite strands 
which break up immediately after they have emerged into their components. 
The group belonging to each carpel fails to become consolidated into a 
midrib bundle, the individual strands pursuing a separate course in the 
ovary wall. As these groups of bundles turn out next after those for the 
antesepalous stamens, they, and hence also the loculi, naturally occur on 
the alternate radii, i.e. in line with the petals. The ovary differs from that 
of the several preceding types in remaining completely syncarpous, the 
fertile carpels remaining connected by the central parenchyma, which here 
extends up to the level of the sessile stigma lobes. 

Aurantioideae (Figs. 56-72 and 86 A-c). This section includes genera 
in which the gynoecium is syncarpous throughout, the single column formed 
by the connate styles arising from the summit of the ovary, which has an 
even unbroken outline in cross-section. In all the four genera examined 
{Aegle^ Ciirus^Feronia, and Triphasid) the sterile carpel midribs, unlike those 
in most of the spuriously apocarpous genera, are well developed, while the 
corresponding bundle of the fertile carpels, as in the apocarpous forms, is 
lacking, the vascular system of these members consisting only of the twin 
placental strands and branches derived from them. Certain features dis- 
tinguishing the individual genera may be briefly noted. 

Feronia elephantum Correa (Figs. 69-72 and 86 A-C). The vascular 
bundles for both stamen whorls, which turn out almost simultaneously, 
arise separately from those of the perianth. Undisturbed by disc develop- 
ment, and surrounding below a very short stipe, and above an ovary with 
an even circular outline in cross-section, the two whorls come to stand in 
a single ring, the outer position of the antepetalous anthers seen in the bud 
stage being merely due to pressure from close packing. The antepetalous 
position of the sterile carpel midribs, and hence of the loculi, is to be 



663 


Saunders* — Om Carpel Polymorphism. Vh 

explained as in Ruia (see above, p. 659). The disappearance of the pith 
at the ovary base results in the development of a single loculus and so-called 
parietal placentation. The stout style and stigma column is formed by the 
prolongation of both carpel whorls. The stigma lobes are centred over 
the loculi, each lobe representing a whole sterile carpel with half a fertile 
carpel on each side. Each is supplied with two bundles, belonging 
respectively to the fertile half-carpels, the bundle of the sterile carpel being 
no longer traceable at the extreme apex. 

Ill Aegle^ Citrus, and Triphasia the bundles for the stamens, as in 
Feronia, turn outwards independently of those for the perianth, but here 
the persistence of the pith results in the multilocular ovary and so-called 
axile placentation, 

Aegle sepiaria DC. (Figs. 63, 64). The bundles for the antesepalous 
stamens pass intact into each corresponding member, but those on the 
antepetalous radii usually branch on their way outwards so that a group of 
stamens, varying in number, alternate with the single antesepalous members* 
The gynoecium shows the usual arrangement of outer sterile, and alternate 
inner fertile carpels, but as both sets of members are ordinarily more than 
5 and less than 10 in number, their relation to the sepal and petal radii 
varies in different flowers. The sterile carpel midribs come to an end 
below the terminal discoid stigma, but the twin placental strands of each 
fertile member, after coalescing into a single bundle, persist to the apex, so 
that a cross-section through this region shows the single bundle of a fertile 
carpel alternating with the slit-like canals which stand over the loculi and 
hence in line with the sterile carpels. 

Citrus decumana Murr. (Figs. 65-8). The precise radial relations of 
stamens and carpels to the perianth whorls are again somewhat complex 
owing to the branching of the strands which supply the oc -stamens and to the 
development of twice as many members in each carpel whorl as in either 
perianth whorl. The construction of the gynoecium is similar to that of 
Aegle^ but the twin placental strands of each fertile member here remain 
distinct to the apex, so that in a cross-section through the stigma region 
two bundles alternate with each of the stylar canals which are superposed 
on, and connect with, the loculi. An abnormality long known in the sub- 
species Litnouum, cf. Citrus medica L., has given rise to the variety 
digiiata Risso. This form has more than the interest of a mere curiosity. 
It has a fundamental significance. In this variety the gynoecium is com- 
posed of a ring of tapering sterile carpels which are disjoined almost from 
the base, and so appear as a ring of finger-shaped structures. There are 
no loculi and no ovules, no septa, no pulp, no core. There can be little 
doubt that in this variety the fertile carpels fail to develop, and that the 
sterile carpels alone are unable to remain conjoined. A more striking 
piece of evidence in proof of the correctness of the interpretation of the 




Figs. 53-62. 53-5. Pteka trifoliata L. 5. 53. The vascular cylinder with bundle (starch) 

sheath and surrounding parenchyma from the region above the level at which the sterile carpel 
midribs turn outwards and below that at which the bundles for the fertile carpels become organized, 
the residual xylem elements for these latter bundles being still scattered in a ring round the pith. 
54 A, B. The gyiioecium. A from the middle bilocular region. In the centre the twin bundles of the 
two fertile carpels, b. From the upper, unilocular region (compare Figs. 52 c, D). [For con- 
venience of arrangement the * wings’ of the ovary have been cut away.] 55. The two stigma lobes, 
which are centred over the loculi, after the vascular bundles have come to an end and as the two 
areas of conducting tissue open out to the surface. 56-62. Triphasia trifoliata DC. From a 
tetramerous dower. 56. The gynophore surrounded by disc tissue immediately above the level of 
exsertion of the perianth and androecium. Towards the periphery some of the bundles supplying 
the disc. In the centre the residual vascular ring which serves the gynoedum. 57-9. Stages 
immediately preceding, coincident with, and succeeding disjunction of the disc from the gynophore. 
The elements of the central vascular ring have become differentiated into four outer diagonal bundles =* 
the midribs of four sterile carpels, and four inner orthogonal bundles the placental cords of four 
fertile carpels* Further from the centre are four feebly developed strands more or less in line with 
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syncarpous gynoecium as conceived on the theory of carpel polymorpliism 
could hardly be forthcomings This extreme case serves as a clue to certain 
intermediate conditions in other types (see pp, 666, 671 and Figs. 48-9, 
82^—4, 88). 

Triphasia trifoliaia DC. (Figs. In this species the flower is 

exceptional in being typically trimerous throughout^ The bundles for 
the sepals (which show true lateral branching), petals, antesepalous and 
aiitepetalous stamens arise independently direct from the central vascular 
cylinder. The six stamens come to stand in a single ring. The strands 
supplying the disc, which lies within the stamen ring, arise at points round 
the whole circumference of the vascular cylinder. As disc and gynoecium 
become disjoined, the line of separation may occur on a circle which leaves 
some two or three of the innermost of these strands on the central side of 
the split ; these strands then pass up in the ovary wall, one such strand 
appearing regularly to take up a position on the radius of each fertile 
carpel. As in the three preceding types, the stigma lobes are centred over 
the loculi. Here the sterile as well as the fertile carpel bundles persist to 
the apex, each lobe being supplied with three bundles, the sterile carpel 
midrib and one of the twin bundles of the fertile carpel on each side. The 
antepetalous position of the sterile carpel midribs (and hence of the loculi) 
is ascribed to the same cause as in the comparable case of Feronia (see 
above). Eichler (3, ii, p. 35^5) asserts that the loculi are antesepalous, and 
cites Baillon (1, p. 15;^) in support of this view, while regarding Payer's 
statement (4, i, p. 113) that they are antepetalous as erroneous. But the 
position of the stigma lobes is undoubtedly antepetalous, and the course of 
the bundles confirms Payer’s account that the carpels (i.e. on the present 
interpretation, the outer sterile members) and loculi stand in line with the 
petals. Confirmation of this view is afforded by the fact that Baillon states 
definitely in his later description of Limonia (including Triphasia) (2, iv, 
p. 406) that the loculi are opposite the petals (loc. cit., p. 493). We may 
conclude that his earlier statement was either an oversight or was found to 
be erroneous and was corrected in his later work. Were this not so some 
comment would assuredly have been made on a relation contrary to that 
characteristic of other Rutaceae. 

The four genera next to be considered are all characterized by an 
oligomerous gynoecium, though they differ widely in other respects. 

the placental cords. (The morphological equivalence of these latter strands is not entirely clear, see 
p. 647.) 60. The ovary after the appearance of the loculi. The weak bundles seen in the three 

preceding figures are no longer to be traced. 61. The same after development of the placentae. 
Each fertile carpel cord supplies the adjacent half placenta bordering the loculus to right and 
left. 62. The style column. At the angles four slit-like stylar canals in line with the loculi. The 
vascular cord of each fertile carpel has dividedi' in two in preparation for the formation of the four 
stigmatic lobes centred over the sterile carpels. 

^ Though the specimen here figured happened to be tetramerous. 
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Zantkoxflum (Figs. 37-49). The flowers are functionally iinisextialj 
but the male, which have only one staminal whorl, develop a gynoecium. 
Marginal veins are lacking in the sepals. Comparison of the coiistriiction 
of the gyiioecium in the male and female flowers confirms the view 
advanced at an earlier point in these studies that the infertility of the 
gynoecium in the male flowers of many dioecious types, functionally though 
not morphologically unisexual, is due to the suppression of the inner fertile 
carpel whorl, the outer sterile whorl of valve carpels alone being present. 
This Is well shown in Z . fraxineiim Willd. After exsertion of the perianth 
and stamens the residual vascular tissue is seen in cross-section as a com- 
plete cylinder of numerous strands, some with xylem elements and some 
undifferentiated (Fig. 46). Those with xylem elements turn out later to 
form the midrib bundles of the sterile valve carpels (Fig. 48). Those 
without shortly come to an end (Figs. 46, 47), whereas in the female flower 
the strands not utilized in the development of the valve carpels become 
organized into the bundles of the fertile carpels (Figs. 40-(Z, 44,45). Owing 
to the suppression of the fertile carpels the gynoecium in these male flowers 
shows neither placenta nor ovules. In this respect Z anthoxylum presents 
a more extreme case than Ptelea^ in which both sets of carpels, placentae, 
and ovules are present in the infertile flowers of the male, but the latter 
structures are only imperfectly developed (see below). If a loculus is formed 
it is a mere slit which immediately opens to the exterior (see Fig. 49). In 
the female flowers complete radial splitting of the fertile carpels, dis- 
appearance of the central parenchyma below the level of origin of the 
styles, and the non-reunion of styles and stigmas leads to a condition of 
complete (though spurious) apocarpy. The gynoecium of Z. planispmum 
Sieb. and Zucc. affords an excellent illustration of association of a reduced 
vascular system with the presence of numerous secretory cavities (see above, 
p. 648), the midrib bundle of the sterile carpels coming to an end part way 
up the ovary wall where a large oil cavity makes its appearance (Fig. 43). 

Ptelea irifohata L. (Figs. 50-5). Flowers functionally but not mor- 
phologically unisexual. A, usually 4-5, occasionally +4-5. The vascular 
scheme of perianth and androecium is hereof the simplest type. Secondary 
veins in the sepals are derived by branching from the midrib. The ante- 
sepalous members of the androecium, with bundles emerging, as usually 
in this family, independently from the central cylinder, are present in the 
female as well as the male flowers, but the antepetalous whorl is always in 
the former, and generally also in the latter, suppressed. The ovary in the 
male flower shov/s the same scheme of construction as that of the female, 
but is less well developed. Both exhibit certain unusual features of par- 
ticular interest from the present point of view. The bundles emerging 
from the central cylinder to furnish the midribs of the (usually) two sterile 
carpels are strongly developed, giving rise to a copious system of hori- 
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zontai lateral veins. These systems, as they extend, become continuous* 
The outer wall of the ovary is thus shown to be composed wholly of the 
sterile carpels which completely enclose the fertile members. Herein we 
find the explanation of the feature, unusual in this family but characteristic 
of PieUa^ of a dry fruit remaining syncarpous and indehiscent. Dehiscence 
by separation of the sterile carpels is precluded, since the whole vascular 
scheme of these members constitutes a single closed system. The spurious 
form of apocarpy found in so many rutaceous types is rendered equally 
impracticable since the fertile members are completely surrounded. Another 
feature which is particularly striking in the female flower is the presence of 
a well-marked bundle (starch) sheath round the central cylinder in the 
region above the level of emergence of the sterile carpel midribs and below 
that at which the fertile carpel bundles become organized (see Fig. 53)* 
This fact appears to me to be fatal to the old traditional view that the 
gynoecium is wholly composed of two valve carpels, since on this inter- 
pretation there would appear to be an internode betw^eeii the level of 
organization of the midrib and of the marginal veins of the carpellary 
members. 

Cneoridium dumosiim Hook, f. (Figs. y$-6), G typically 1 4- 1.^ The 
sepals show a well-developed secondary vascular system derived from true 
lateral branching of the midribs, supplemented in some members by com- 
missural strands. The bundles for the two stamen whorls arise as in most 
Rutaceae, those for the antesepalous members turning out independently, 
those for the antepetalous whorl in conjunction with the petal midribs, 
which here becomes disjoined close to the boundary of the central cylinder. 
The gynoecium, hitherto regarded as consisting in typical flowers of a 
single carpel, is held (in accord with the theory of carpel polymorphism) 
to be composed of two carpels, one sterile, forming the bulk of the wall of 
the ovary, one fertile and prolonged above into the ‘ gynobasic ’ style 
filament. A midrib bundle is present in the sterile carpel, but is lacking 
in the fertile member, which shows only twin fertile bundles and the 
branches derived from them. The ^ gynobasic ' style filament springs from 
one side of the ovary near the base. In cross-section it shows two vascular 
strands until near the stigma level, where the two fuse before coming to an 
end. These two strands are formed by the continuation of the twin bundles 
of the fertile carpel with which the marginal veins of the sterile member 
have previously become fused. The fertile carpel shows characteristic 
radial splitting, the cleavage extending to the loculus at a point imme- 
diately below the origin of the style filament, the passage thus formed 
becoming closed again immediately above this point, leaving, however, an 

^ Exceptionally foiir carpels may develop (two sterile, two fertile). In this case the relations are 
exactly similar to those described for Thamnosma montanum (see later p. 669), in which this is the 
normal condition. 
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external furrow which Is continued up the filament to the stigma level, 
where the core of conducting tissue extends to the surface. The appearance 
presented by a cross-section of the ovary below the level of origin of the 
style filament recalls that seen in many leguminous genera, where also 
through radial splitting of the fertile carpel, facilitated, if not caused, as 
already explained, by the absence of a midrib bundle, the loculus is brought 
into connexion for a short distance with the exterior. The external 
appearance of the whole Cneoriditmt gynoecium also presents a close 
resemblance to that of various members of the Phytolaccaceae (section 
Rivineae), in which the style filament is similarly ' gynobasic h Indeed, a 
figure of the gynoecium of Cneoridium might well serve to represent that of 
Rivma Jmmilis. There exists, however, though masked by this superficial 
likeness, a very striking and important distinction between the two genera 
in respect of the carpel-style relations. This is brought to light by a 
comparison of the two vascular schemes. In Rivina and its allies the 
fertile carpel comes to an end at the level at which the ovule springs, 
the sterile carpel alone developing further to enclose the ovule and form the 
style filament, which shows a single vascular strand (see 8, p. 90, Fig. 1:54). 
In Cneoridium the fertile carpel is prolonged to the stigma level, the style 
receiving its two fertile strands with which are fused the two marginal 
veins of the sterile carpel. In this latter respect, as well as in the radial 
splitting of the fertile carpel, Cnee 7 ddium presents a precise parallel with 
the Leguminosae. Although in this genus the sterile carpel midrib comes 
prematurely to an end, giving place to a secretory cavity, it is evident from 
the above-mentioned fusion of bundles, as well as from analogy with other 
rutaceous genera, that the sterile carpel also contributes to the formation 
of the style filament, as it does in the Leguminosae. 

Thamnosmamontaimm Torr. and Frem. (Figs. 77-81). The gynoecium 
of Thanmosma is interpreted on the same lines as that of Cneoridium^ 
except that here there are typically two sterile and two fertile carpels 
instead of one of each kind, this numerical increase necessarily involving 
certain differences in the interrelations of the two carpel types. After the 


centre the biindles for the two carpel whorls are already differentiated, 64. The gynophore. 
65-8, Citrm decnmmta Murr. 65. The central vascular cylinder and surrounding ground tissue 
immediately above the level of exsertion of perianth and androecium. The ten bundles for the ten 
sterile carpel midribs are differentiated and about to turn outwards. 66 . The same after the sterile 
carpel bundles seen in 65 have left the central cylinder, but before those for the fertile members are 
yet organized. 67, 68. The style column. Towards the periphery the sterile carpel midribs. 
Nearer the centre on each alternate radius the twin bundles of a fertile member. In line with each 
sterile carpel midrib a slit-like stylar canal. In the centre the space into which the individual 
canals eventually open (see 68). 69-72. Feronia eUphantum Correa. 69. The gynophoxe. 

The bundles for the hve sterile carpels are beginning to turn outwards. On the alternate radii the 
placental cords of the five fertile members. 70. Ovary base at the level of origin of the loculi. The 
vascular scheme as in 69. 75. The ovary now unilocular. 72, The style column. The sterile 
chrpel bundles are no longer to be distinguished. The loculi have contracted to five stylar canals. 
On the alternate radii the twin placental strands of the fertile carpels (see also irigs, 86 a-c). 




Figs. 73-84, 73-6, Cneoridinm duimsuni Hook. 73. The gynophore. In the centre the 

•vascular cylinder in •which the bundles for the sterile carpel nnidrih and its laterals and the twin 
htmdles for the fertile carpel are already recognizable. 74, Ovary base now beginning to assume 
the outline of the figure 8. The vascular system as in 73. 75, The ovary after the appearance of 
the loculus. Below, the sterile carpel with midrib and laterals. Above, the fertile carpel l)eginiiing 
to show characteristic radial splitting with twin bundles from which the strands for the ovules are 
derived, 76. Upper region of the ovary at the level of the origin of the *gynobasic ’ style filament 
which is seen cut obliquely. In the centre of the filament a tract of conducting tissue, and on either 
side a bundle of the fertile carpel with which is conjoined the adjacent marginal vein of the sterile 
carpel. 77-81, Thamnosma montanum Torr. and Frdm. The gynoecinin at the level of origin of 
the two sterile carpel midrib bundles. 78. The same at the level of transition from the bilocular to 
the unilocular condition through the complete separation of the two fertile carpels along their inner 
face. These carpels show the characteristic radial splitting from without inwards. 79. The same 
after the splitting in half of the two fertile carpels is complete, resulting in the formation of two ovaries 
(spurious apocarpy) each composed of a sterile carpel flanked by half the neighbouring fertile carpel 
on each side. So. The same after the ‘ gynobasic ’ style filament has become free. The latter 
arise by fusion of two filaments each of 1 1 1 carpels. Si. The two stigma lobes which are centred 
over the locuM. 82-4. PheUod&ndron japonicum Maxim, o^. 82. The gyhoecium with very 

small loculi but without placentae, ovules, or vascular bundles. S3. Upper region of the same now 
unilocular through disappearance of the central parenchynm at the level of origin of the style fila- 
: mmfe which are centred over the loculi. 84. One of the style filaments now free (see also Fig. ,88)*. 
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emergence of the sterile carpel midribs from the central cylindei'j the 
appearance of the loculi, and later the disappearance of the pith, the two 
fertile carpels separate from one another completely along the line of their 
inner face, the two loculi becoming continuous at this level through the 
passage so formed. Immediately above this level the radial splitting of 
the fertile carpels at right angles to the line of their separation, already in 
progress, becomes complete, giving rise to two separate ovaries. From 
each springs a * gynobasic ’ style filament showing two vascular strands as 
in Cneoridium. Each ovary up to the level of origin of the style is formed 
of -I I -I carpels, but here the two half-carpels belong to different fertile 
members, whereas in Oieoridinm^ where only one fertile carpel is present, 
they both belong to the same member. Reunion of the two | J carpel 
groups follows, the two filaments shortly becoming connate and terminating 
above in two stigma lobes standing in the same plane as the two sterile 
carpels. 

The two remaining genera to be considered in detail are dioecious 
types with an isomerous gynoecium. 

Pkellodcndron japoniaim Maxim, (Figs, 82-4, and 88). The level 
of development attained in the male flower in Phellodendroft is distinctly 
lower than that reached in Ptelea and Za 7 iihoxylmn (see above, pp, 666, 667). 
In a pentameroiis male flower of the above species the cylindrical gynophore 
shows a ring of five vascular strands with differentiated xylem elements in 
line with the five prominences in the outline which indicate the radii of the 
five sterile carpels. These bundles (= the sterile carpel midribs) end very 
shortly ; at the level at which the small slit-like loculi make their appear- 
ance they are no longer traceable. There are no fertile bundles, no 
placentae, no ovules, no tracts of conducting tissue. As the pith comes to 
an end the slit-like loculi become continuous and open above to the 
exterior. The sterile carpels, unconnected by alternate fertile members, 
suffer disjunction and continue upwards as the separate tomentose style 
filaments. 

In the female flowers of this and other species (P. mnurense Rupr., 
P. chmensc C. K. Schneider, P. sachalinense Rupr.) the styles are connate, 
the syncarpous ovary being prolonged at its summit into a short column 
which terminates in a depressed, lobed stigma, the whole gynoecium being 
glabrous throughout. The difference in appearance between the gynoecium 
of the two sexes is indeed so great that if indisputable evidence to the con- 
trary were not available, the two organs might well be taken to belong to 
different species. The characteristics of the gynoecium in the male flower 
arise from the same cause as the peculiar ‘digitate’ form of gynoecium in 
Citrus (see above, p. 663), It is clear that in the male Phellodendron 
flower the sterile carpels are present, but the fertile members are not 
developed. The vascular elements, which should form the fertile bundles, 
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remain undifferentiated and soon cease. The corresponding caipels do not 
develop and the sterile members are unable to remain united by their 



Figs. 85-8. 85 a-b. Boronia spp. The flower seen from the front and obliquely from above. 
A. B .fastigiata Bartl, B, B. heteropkyUa F. Muell. c. D. B. megastigfua Nees. C. The com]:>Ute 
flower. D, The same flower after removal of the cross-shaped stigma showing the separate ovaries 
(spurious apocarpy) and the crennlate disc. 86 A-c. Feronia eiephanium Correa. A. The ilower 
after removal of the front petal and four stamens in order to expose the gynoecium. B. Apex of the 
style column taken from a bud (more higlily magnified), c. A young fruit. 87. To(ida.Ha acukata 
Pers. The ovary with sessile stigma lobes. 88. Phettodendron japonicum Maxim, 0^. Calyx 
and ovary with separate style filaments. 

edgesj hence the cavity open above and the separate style filaments io 
place of the closed ovary and single style column of the female flower* 

Evodia hupehensis Dode. The gynoeda of the male and female 
flowers of EvoMa differ in the same way as in PkeUodmdran, but the con” 
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trast in the present type is even greater owing to the fact that whereas the 
several style filaments in the male flower naturally spring from the top of 
the ovary, those of the female flower are connate and ' gynobasic a posi- 
tion due to the unequal growth relations of the sterile and fertile members. 

Although, owing to lack of suitable material, this interpretation could 
not be put to the proof in another genus, Vepris^ there can be no doubt 
that the different appearance of the gynoecium in the male and female 
flowers here is also explicable in the same way. In the male the sterile 
carpels soon become disjoined, each tapering above into a slender style 
filament ; in the female the ovary passes into a scarcely appreciable, thick 
style column, terminated in an expanded stigmatic disc. 

In these three dioecious genera, as in Zanthoxylum (see above, p. 266), 
we have a most striking confirmation of the theory of carpel polymor- 
phism. On the old traditional view the difference between the male 
and female flowers of the above genera remains an unexplained anomaly. 
On the present interpretation the explanation stares one in the face. How 
else, indeed, is it possible to interpret the most instructive, perhaps, of all 
cases of this nature, viz. that of species of Paepalanthtis (e.g. P. vellozioides 
Koern) in which the ovary of the male flower has three styles of precisely 
the same form as the three non-functional styles of the female flower but 
lack the other functional three of different form situated on the alternate 
radii, which are present in female flowers? 


Zygophyllaceae (Figs. 89-131). 

In general the relations of the floral whorls, the position (diploste- 
menous or obdiplostemenous) of the stamens, the structure of the gynoecium 
and position of the loculi in the Zygophyllaceae are explicable on the same 
lines as in the Rutaceae. It will therefore suffice to supplement the 
legends to the accompanying figures by a few additional comments. In the 
genera investigated Zygophylhtm^ Tribuhcs^ Pegammi^ Guaiamm^ Auged) 
the sepals are furnished with commissural marginal veins. The abundant 
oil-containing cavities of the Rutaceae are lacking and, associated with this 
difference, is a markedly greater development of the vascular system of 
the gynoecium, a midrib bundle with lateral branches or an equivalent 
system (see later, p. 679) being developed in the sterile carpels of the 
several above-mentioned types except in Augea which, though without oil 
cavities, has a rich mucilage content. The gynoecium remains syncarpous 
throughout, with the style column springing from the summit of the ovary 
and the central parenchyma persisting, often to the region of the stigma. 
The antepetalous stamen bundles are usually carried out, as in the Ruta-^ 
ceae, conjoined with the petal midribs and sepal commissuraTmargihals,* 
Those for the antesepalous stamens sometimes turn out indep^ndeiitly 
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{Zygophyllum sessilifolitm L.), sometimes conjoined with the outgoing sepal 
midrib bundles {Z.Fabago L.). In the latter case dissociation occurs, not* 
withstandingj at a point on the sepal radii farther from the periphery than 
the point at which a corresponding dissociation takes place of the trunk 
cords on the petal radii. Hence in both species the antepetalous stamen 
bundles maintain a slightly more peripheral position until both whorls are 
in due course exserted. Closely packed around a gynophore or the 
cylindrical base of the ovary the two whorls form a single ring, but as the 
ovary assumes its characteristic five-angled outline an obdiplostemenous 
condition results. 

Unusual features in two of the species investigated, Zygopkylhim 
sessilifolium L», and Pegammi Harvtala L., call for more detailed con- 
sideration. 

In Zygophyllum sessilifolium (Figs. 97-106) the whole of the vascular 
elements from which the bundles for the twenty members of the perianth 
and androecium (K 5, C5, A 5, +5) are derived leave the central cylinder 
as one set of trunk cords which are equidistant but of unequal size. Two of 
these cords are small ; each furnishes the midrib for the sepal on the corre» 
spending radius and the bundle for the superposed stamen. Of the remain- 
ing cords two are of large, and one is of intermediate size. Each of these 
three cords consists not merely of superposed bundles belonging to a single 
radius but of thost for two or more radii. Each furnishes, in addition to 
a sepal midrib and antesepalous stamen bundle of the corresponding radius, 
the commissural sepal marginals, petal midrib and antepetalous stamen 
bundle belonging to the adjacent radius on one, or on both sides. As these 
cords make their way to the periphery they become dissociated into their 
components which take up their proper position. Such collateral fusion, 
not merely of the midrib bundles of neighbouring perianth members, but 
also of those belonging to different whorls, recalls the similar appearance to 
be seen in certain genera of the Leguminosae (as e.g. Oxytropis., see 7 , 
p. 1^46, Fig. 66). In the present case association into trunk cords of the 
bundles for both neighbouring and superposed members has probably 
reached the limit for a hypogynous pentamerous type (five trunk cords for 
all the members of four whorls). At the same time, owing to the fact that 


their components. On the other set of radii the trunk cords similarly show stages in the process of 
dissociation into sepal commissural marginals, petal midrib, and antepetalous stamen bundle. In the 
centre the residual vascular ring for the gynoecium. 90, The same after exsertion of the perianth. 
At the periphery the stamen ring. In the centre the vascular bundles for the gynoecium already 
organized into an outer set of five for the sterile carpels in line with the petals and an inner set of 
five for the fertile carpels in line with the sepals. 91-3. Ovary base showing transition from a 
circular to a 5-angled outline, stages in the development of the loculi, and branching of the sterile 
carpel midribs. 94. Middle region of the ovary showing branches from the placental strands for 
the ovules. 95. Base of the style column which is solid owing to the persistence of the central 
parenchyma. On the radii of the petals and superposed upon the loculi five canals filled with con- 
ducting tissue. 96. Apex of the style column showing the five canals seen in 95 opening into 
a central space due to the disappearance of the central parenchyma. 
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dissociation does not take place until the cords are well free of the central 
cylinder^ the successive stages in the process are exhibited with diagram- 
matic clearness* 

In Peganum Harmala L. (Figs. 1 10-18), which lias typically fifteen 
stamens, two standing in front of each petal, the organization of the bundles 
for the floral whorls also follows an unusual course* After the emergence 
.from the central cylinder of the bundles for the five sepal midribs the 
residual vascular tissue is seen in transverse section as five tangentially 
elongated masses (Fig. no). The next bundles to be defined are those for 
the superposed whorl of stamens. These are furnished by detaching from 
each of .these residual masses a snriail end portion, this process leaving as 
before five tangentially elongated but somewhat smaller masses (Fig. iii). 
A large portion of each of these residual units shortly turns outwards, 
giving rise to a pair of sepal commissural marginals, the petal midrib and 
the two bundles for the antepetalous pair of stamens (Fig, IH2,), The 
remaining elements of each unit turn inwards to become organized later 
into the bundles for the two carpel whorls. The development of tzvo 
stamens on each petal sector serves to illustrate a principle which has been 
observed in the course of the present series of investigations to underlie 
various, possibly all, cases of deduplication resulting in the appearance of 
t^kole members and to distinguish this process from the form of splitting 
which produces half members. Here, of the large above-mentioned 
vascular complex situated in each petal sector the central portion, which 
yields the sepal maiginals and petal midrib and extends outwards in 
advance of the lateral portions, has a wide front (as seen in transverse 
section). Consequently the two lateral portions left behind lie some 
distance apart (see Fig. 112). We meet with conditions bringing about 
a like result in the geraniaceous genus Sarcocaulon, which also has a penta- 
merous flower with fifteen stamens, two standing in front of each petal In 
this latter type the sepal marginals, petal midrib, and twin stamen bundles 
are organized successively from a single vascular complex. The two lateral 
portions of this complex destined for the two stamens are originally 
situated near enough together to come into contact. But this union is 
temporary. The sterile carpel midribs emerge almost immediately from 
the central cylinder and turn out horizontally. Their way to the periphery 
is blocked at first by these large stamen cords. Bipartition of the cords 
with resulting duplication of the stamens provides a way out (see 9, p. 102, 
Figs. 9 ^* 5 ? P- this type as in Pegannm^ the twin bundles thus 

formed are derived from elements which already lie outside the central 
cylinder. Up till now the process of organization will presumably have 
been proceeding on normal lines and in both PeganuM and Sarcocatdon 
will conceivably already have advanced to a point when these bundles 
make their appearance^ at which alteration in the form of the resulting 
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structure cannot be effected. If this were the case the coming into being 
of two centres of further development would simply result in the appear- 
ance of two whole stamens, i.e. in deduplication. In the Fumarioideae, on 
the other hand, we have exemplified the type of splitting which results in 
half stamens. Here the bundles for the two lateral stamens are carried 
out conjoined with those of the two lateral petals while those for the two 
median members of the androecium turn out independently. At the 
moment at which the bundles for these latter members are due to turn out- 
wards from the central cylinder the direct route is blocked by a continuous 
arc of the vascular elements which give rise to the outgoing trunk cord 
consisting of the conjoined midrib bundles of a median sepal and the super- 
posed petal, flanked on the two sides by a closely packed group of 
elements, these two groups becoming consolidated later into one median 
carpel midrib. Emergente of a bundle to supply a median stamen from 
any point on this arc would appear to be precluded. The only alternative 
is for the elements concerned to make their way out round the ends of 
each arc. If the symmetry of the scheme of construction is to be preserved 
this entails the emergence of twdn strands, one to the right and one to the 
left, in place of a single median bundle, both on the posterior and on the 
anterior side of the flower in order to supply the members of the aiidroe- 
cium standing in the median plane. But this division in half and the 
separation of the vascular elements involved into two groups occurs at 
a much earlier moment here than is the case in Peganum and Sarcocaulon^ 
and while these elements still form part of the unorganized central ring 
(see 6, p. 184, Figs. 44-7). Halving of the formative elements at this 
stage results in the formation of half stamens, stamens with filaments of 
about half the normal width and bearing half anthers. Nor is this a solitary 
instance of this type of splitting. A similar result attending halving of the 
group of the formative vascular elements set apart in each petal sector for 
supplying the antepetalous stamens is to be found in the Malvaceae, where 
also the antepetalous filaments bear half anthers.^ In this family the 
division process often takes place several times, once at an early stage, as 
in the two types above described, and repeatedly later. After the emer- 
gence from the central cylinder of the bundles for the sepal midrib a large 
complex still forming part of the residual cylinder becomes defined on 
each petal radius. This complex supplies the sepal commissural marginals, 
petal midribs, and the antepetalous stamen bundles. The stamen formative 
elements of the petal-stamen component of this complex are from the out- 
set divided into two groups separated by the wide arc of the petal com- 
ponent This halving at this stage should, on the present interpretation, 
lead to the production of half stamens. That it does, in fact, do so is 
shown by the half anthers. Repeated splitting at a much later moment 
1 The antesepalons filaments do i 30 t develop anthers. 
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when they no longer form part of the central cylinder of the products of 
the original halving should, on the same view, simply produce an increased 
number of half stamens, which is the cased In the gynoecium of Peganum 
the bundles for the sterile carpel midribs branch as they leave the central 
cylinder (Fig. 1 14), hence a group of sti'ands instead of a single bundle 
enters the base of each sterile member (Figs. 115, 116). (A similar condi- 
tion, as noted above (p. 66a), and as shown in Fig. 35, is to be found in the 
riitaceous genus Toddalia.) The specimen of Peganum here figured was 
exceptional in having a tetramerous gynoecium (Figs. 115-18) in an other- 
wise pentamerous flower. Reference to Fig. 114 shows, however, that 
bundles for the sterile carpel whorl turned out from the central cylinder on 
five radii, but evidently in one case the issuing strand was too weak. No 
corresponding carpel w^as developed, this strand eventually forming part of 
the venation system of the neighbouring carpel (Figs. 115, 116). 

In Guaiacum officinale L. (Figs. 119-25) the carpel whorls, as in the 
rutaceous genus Ptelea^ though sometimes trimerous, are most frequently 
dimerous. In the allied form G, sanctum L. they are quite commonly 
pentamerous, though here also the number of carpels to the whorl may 
range down to two, as in officinale. In flowers with a pentamerous gynoe- 
ciuni the sterile carpels and loculi, as commonly in both Rutaceae and other 
Zygophyllaceae, stand in line with the petals. In such flowers the vascular 


the form of five cords of very unequal ske, two representing individual sepal midrib bundles, the 
other three a sepal midrib conjoined with the neighbouring petal midrib on the one, or on both sides. 
98, 99. The same after the break-up of the large cords seen in 97 into their components == those 
proper to the sepal and the petal radii respectively. The latter, as in Z. Fabago^ yield commissural 
marginals for the sepals, petal midribs, and the bundles for the antepetalous stamens. In 98 the 
petal stamen cords have become detached from the sepal marginals which have given rise to a net- 
work. In 99 the petal stamen cords themselves are in process of becoming dissociated into their 
components (petal midrib and antepetalous stamen bundle). The posterior sepal is partly exserted. 
100. The same after exsertion of all the sepals. The bundles for the petals, which have been 
removed, are seen at the angles of the central pentagon. Nearer the centre the ring of bundles for 
the two stamen whorls, those for the antesepalous whorl having turned out independently from the 
central cylinder, those for the antepetalous being now all detached from the petal midribs. Differ- 
entiation of the bundles for the carpel whorls is in process of taking place. 10 1. The flower above 
the level of exsertion of calyx and corolla. At the peripheiy the ring of stamen bundles. In the 
centre the bundles, now distinct, for the two carpel whorls. 102. Ovary stipe together with three 
stamens not yet exserted. Towards the periphery the branch systems of the sterile carpels and one 
loculus. In the centre on the alternate radii the twin-placental strands of the fertile carpels. 103, 
The ovule-bearing region of the ovary. The sterile carpel midribs which have given rise to a copious 
branch system are no longer traceable. In the centre the five pairs of placental bundles from which 
strands pass to the funicles. 104. The ovary just below the level at which the loculi close. The 
fertile carpel bundles have come to an end. In line with, and to the inside of each loculus an area 
of conducting tissue. 105, Lower region of the style column in which the sterile carpel systems, 
except for a few strands, have also come to an end. In the centre the five canals filled with con- 
ducting tissue. 106, Upper region of the same after the central parenchyma has come to an end 
giving rise to a space into which the canals open. loy-'g. Tribtdtts terrestria L. 107, 108. The 
ovary before, and after, the appearance of loculi showing stages in the emergence and branching of 
the sterile carpel midribs. The residual strands for the fertile carpels fail to become consolidated 
into single cords before becoming differentiated into the placental strands. 109. Base of the short 
style column showing the persistent sterile carpel midribs and smaller strands around the large 
areas of conducting tissue. 


^ It is proposed to deal in further detail with this point in a later communication. 
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scheme in the ovary will presumably show the ordinary ground-plan (I have 
not unfortunately been able to obtain specimens of such completely isomer- 
ous flowers for investigation). In flowers with an oHgomerous gynoecium 
some modification of the full vascular scheme must obviously take place. 
Sections of a flower with a dimerous ovary show that after the emergence 
from the central cylinder of the bundles destined for the perianth and 
androecium the residual vascular elements form a complete cylinder 
(Fig. 1 19). As the stamens become exserted, leaving the gynophore 
exposed, the residual cylinder becomes divided into two (Figs, iiso, lai). 
At the same time the bundle terminating each arm of each of the (in cross 
section) horseshoe-shaped vascular systems thus formed takes up a more 
internal position. This shifting has the effect of narrowing the distance 
between the free ends of each individual ‘ horseshoe ’ and of leaving a wide 
belt of parenchyma between the two horseshoes. At the level of transition 
from the gynophore to the ovary base the midribs of the two sterile 
carpels turn outwards from the midpoint of each horseshoe, and the bundles 
originally situated at the end of each arm of each horseshoe become organ- 
ized into the twin bundle^ for each of two fertile carpels, the pair for one 
carpel being constituted of one bundle from the one horseshoe and one from 
the other. At the same time an external furrow makes its appearance on 
each side of the ovary in a plane at right angles to that in which lie the two 
sterile carpel midribs (Fig. laz). These furrows are the result of the partial 
splitting from without inwards of the two fertile carpels. The wide 
distance apart of the twin bundles of each fertile member which, as indi- 
cated in the preceding part of this account, is probably causally associated 
with the radial splitting of this member, results in the appearance of false 
pairs of bundles, each of the two bundles of one carpel standing nearer to 
the adjacent corresponding bundle of the other carpel than do the twin 
bundles belonging to one of the carpels to each other. 

The gynoecium of Gnaiacum thus occupies a position intermediate 
between that of the two rutaceous genera Thamnosma and Ptelea, in which 
it is also composed, typically, of two dimerous whorls. In Thamnosma 


Figs, i 10-18, Feganum Hannala L, From a flower with a tetrameroiis gynoecium. no. 
Flower bnse nt the level at which the five sepal midribs turn out from the central cylinder leaving 
behind five large masses of vascular elements on the alternate radii, i ii. The same after a portion 
of each of the residual vascular masses seen in no has become detached from one end to furnish the 
bundle for the antesepalous stamen on the adjacent radius. 112, 113. The same showing further 
stages in the break-up of the residual masses seen in in. The bundles for the single antesepalous 
stamens can be identified on the one set of radii, and on the other set those for the sepal commissural 
marginals, petal midiibs, and pairs of antepetalous stamens. The remaining portions of each 
vascular mass are turning inwards to become organized later into the bundles for the two carpel 
whorls- 114, The same after removal of all members of the perianth except one sepal (seen above 
on the left). On cither side of the iinexserted sepal a petal midrib bundle which has not yet wholly 
passed out from the axis. In an outer ring the bundles for the fifteen stamens. In the centre the 
residual vascular ring from which groups of strands which supply the sterile carpels are be^hmng 
to emerge. 115. The gynophore, 116. Ovary base. 117. Ovule-bearing region of |:he Qtary, 
iiS. Upper region of the ovary with ‘ gynobasic’ style column. 




Figs. 119-25. Guaiacum officinale L. From a flower with a dimerous gynoecium. 119. 
Flower base after exsertion of two of the five sepals and one of the five petals. The ring of ten 
stamens is becoming defined. In the centre the vascular ring which serves the gynoecium about to 
become divided in half transversely. 120. The same after exsertion of the remaining perianth 
members and two of the stamens. The thin layer of disc tissue surrounding the base of the gyno- 
phore has come to an end bn the radius of one of the exserted stamens exposing the surface of the 
gynophore. 121. The gynophore now wholly free. 122. Ovary base. The bundles for the midribs 
of the two median valve carpels have turned outwards and are seen cut obliquely, those for the 
secondary veins, retaining their position, are cut transversely. Right and left the twin bundles for 
the two lateral fertile carpels, already showing slight radial splitting. 123- The same after the 
appearance of the loculi. The marginal veins of the valve carpels have now become prominent. 
124. The ovule-bearing region of the ovary. 125. Base of the style column. In the median plane 
the two sterile carpel midribs. On each side of each midrib a strand formed by the fusion of 
a marginal vein with one of the twin bundles of the lateral fertile carpel on that side. In line with 
the two midribs two areas of conducting tissue.' 
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both kinds of carpels contribute, as usual, to the ovary wall ; the pith 
comes early to an end, the ovary then becoming unilocular. As radial 
splitting of the fertile members becomes complete the gynoecium below 
the style column becomes wholly, though spunousl}^, apocarpous* In 
Guaiamm the ovary wall is also formed of all the carpels. The pith 
persists; radial splitting of the fertile members is incomplete; hence the 
gynoecium remains bilocular and syncarpous throughout. In Ptelea the 
fertile carpels are completely enclosed by the sterile members, hence there 
is no radial splitting, the ovary remaining syncarpous throughout and 
giving rise to an indehiscent fruit. As in TJiamnosma.^ however, the pith 
ceases early and the ovary becomes unilocular. 

Attgea capensis Thunb. (Figs. 126-31). In the development of the 
perianth and stamen bundles Attgea resembles the majority of rutaceous 
types, the marginal veins of the sepals being commissural in origin 
(Figs. 1 26-8), the bundles of the antesepalous stamens arising independently 
(Fig. 129), those of the antepetalous whorl turning out conjoined with the 
petal midribs (Figs. 127-9). "The gynoecium, however, is exceptional in 
that the number of loculi, and hence of each kind of carpel, is twice that of 
the members in each perianth whorl. All the members of each carpel 
whorl constitute a single ring. Midrib bundles are lacking in both sets of 
carpels. We may infer, however, since the loculi make their appearance 
on the radii alternating with both sets of perianth members, that these 
intermediate radii represent the mid-line of the sterile carpels and hence 
that in their arrangement they treat two preceding whorls as one, an 
arrangement resulting, no doubt, from the fact that petals and antesepalous 
stamens are conjoined at their base into a continuous ring of tissue, the 
bundles of the antepetalous stamens not becoming disjoined from the petal 
midribs until much later (Fig. 130), In accordance with this sequence the 
cords of the fertile carpels are situated in line with the perianth members, 
branches from these cords extending outwards round the loculi into the 
wall of the ovary. 


Stachyuraceae (Figs. 132-9). 

The one genus included in this familyj Stac/iyums has an isomerous 
tetramerous flower with G4 + 4. 

S tacky urus praecox Sieb. and Zucc. This species affords an example 
of the exceptional case in which a dicotyledon flower with the full number 
of whorls and isomerous throughout is diplostemonous. Here, as in most 
Rutaceae, the sepals have commissural marginal veins, the bundles for the 
antesepalous stamens arise independently, those for the antepetalous 
members turn out conjoined with the petal midrib bundles. The obdiplo- 
stemonous condition which we might expect to prevail in these circum- 
stances is not possible owing to the particular shape of the disc on which 
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the stamens are seated, which carries the antesepalous members out beyond 
the antepetalous whorl which is further prevented from attaining a more 
outward position by the form and position of the petals with which they 
are still fused on their outer face. 

Meliaceae (Figs. 140-5), 

In the two genera examined, Tttrraea and Meiia, the trunk cords 
which turn out on the petal radii give rise to sepal commissural veins and 
petal midribs, but the bundles for the antepetalous stamens, as well as 
those for the antesepalous members of the androecium, turn out indepen- 
dently from the central cylinder. G = + n varying from 4 to 20. Mid- 

rib bundles are no longer traceable either in the sterile or the fertile 
carpels. As the loculi make their appearance the ring of residual strands 
seen at a lower level become consolidated into a determinate number of 
bundles standing at first in line with the loculi. Before the ovule-bearing 
level is reached these strands become reorganized, the resulting placental 
cords being now disposed in line with the septa (fertile carpels). As the 
pith comes to an end the fertile carpels separate along their inner face and 


Figs. 126-39. 126-31. Augea capensis Thunb. 126. Flower base at tbe level of origin of the 
sepal midrib bundles on the one set of radii and of the sepal commissural marginals and petal-stamen 
bundles on the alternate set 127. The same after the petal-stamen bundles (seen cut transversely 
in 126) have turned out horizontally. In the centre the residual vascular elements, forming a con- 
tinuous ring. 128. Central region of the same at the level at which the antesepalous stamen 
bundles turn out from the central ring. 129. The dower after exertion of the caljx. At the peri- 
phery a ring of ten bundles, the five for the antesepalous stamens alternating with the five trunk 
cords for the petal midribs and antepetalous stamen bundles. In the centre the residual vascular 
tissue for the gynoecium. The position of the loculi which appear on the intermediate radii is 
indicated by the interrupted radial lines. 130, The same after the petal-stamen ring has become 
disjoined from tbe gynoecium. The antepetalous stamen bundles are now detached from the petal 
midribs. In the gynoecium the bundles for the fertile carpels seen in 129 have divided, in two, 
each half fusing with the adjacent half of the neighbouring carpel bundle so that the resulting 
bundles come to stand in line with the loculi. 131. The ovary just before the loculi close. The 
main bundles of the fertile carpels have been reformed (by reversal of the process which brought 
about the transition from the condition seen in 129 to that in 130) and now alternate with the loculi 
as at first. 132-9. Sieb. and Zucc. 132. Flower base. Back and front the two 

median sepals, with midrib and commissural marginals, immediately before exsertion. In line with 
these sepals and just free of the central vascular ring the bundles for the two median stamens. In 
the lateral plane the bundles for the two lateral sepals not yet free of the central cylinder. In the 
diagonal planes the four trunk cords furnishing the sepal commissural marginals, petal midribs, and 
antepetalous stamen bundles. [Owing to the late development of the lateral sepals the com- 
missural marginals for the median sepals become detached from these diagonal trunk cords before 
those for the lateral sepals.] 133. The same after exsertion of the median and right lateral sepals 
and complete dissociation of the diagonal trunk cords into their components. 134. The same after 
exsertion of the remaining sepal. 135. The flower just before exsertion of the petals showing 
a diplostemonous arrangement as the result of the peculiar shape of the disc on which the stamens 
are seated. [The boundaries of the disc where it is not yet disjoined from androecium and gynoe- 
cium are indicated by interrupted lines.] In the centre the bundles for the four sterile carpel midribs 
are about to issue from the central cylinder in the orthogonal planes (i.e. in line with the sepals). 
136, The same after exsertion of the petals and one of the antesepalous stamens. The sterile carpel 
midribs have given off a pair of lateral branches. On the alternate radii the bundles for the four 
fertile carpels have become consolidated. 137. The ovary to which are still attached remnants of 
the disc carr}1ng two of the inner whorl of stamens which are not yet exserted. In the diagonal 
planes the fertile carpel midrib bundles which have turned out from the central cylinder leaving 
behind the placental strands. 138. The same after the appearance of the loculi 139. 
stigmas which are centred over the loculi. 
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the ovary becomes unilocular. In Melia Azedarach L. the placental 
sui faces again become continuous as the ovary passes into the style fila- 
mentj a transverse section of this region showing the persistent placental 
cords alternating with a corresponding number of stylar canals. In Turraea 
mombassana Hiern, the placental surfaces, after becoming free^ remain 
"Separate, the single loculus passing up into one central stylar canal which 
is seen in transverse section of a pentamerous gynoecium as a live-armed 
area of conducting tissue. 

Cneoraceae (Figs. 146-8). 

Cneorum tricoccon L., G 3 + 3. The flower is typically isomerous and 
trimerous throughout ; only the antesepalous stamen whorl is developed,, 
hence the sterile carpels and loculi naturally develop in line with the petals. 
Radial splitting of the fertile carpels is initiated as an interstitial slit. 
With the disappearance of the pith the ovary becomes unilocular, the cavity 
appearing six-armed in transverse section as the interstitial slits extend to 
the centre. The ovary, however, remains syncarpous, extension of the slits 
to the exterior only taking place at the base of the style column. 

Erythroxylaceae (Figs. 149-54). 

Eryihroxylon Coca Lam. In Erytkroxybn,2.s in the majority of types 
already described, the bundles for the antesepalous stamens turn out 
independently, those for the antepetalous members form part of the trunk 
cords which give rise to the sepal commissural marginals and petal midribs. 
Although here the filaments are united into a tube and there is no disc, the 


Figs. 140-54. 140, 141. Turraea mombassana Hiern. The ovary of a pentamerous flower. 

140, From the multilocular, ovule-bearing region. 141. From the region above the ovules. The 
central paienchyma has come to an end causing the ovary to become unilocular, the single cavity 
being partly filled with the numerous hairs now clothing the placental surfaces. 142-5. Melia 
Azedarach L. From a hexamerous flower. 142. The unilocular ovary (for simplicity the ovules 
have been omitted). 143, Base of the style column. The vascular strands of each fertile carpel 
have become consolidated into a single bundle. On the alternate radii (hence in line with the loculi) 
the six stylar canals. The fertile carpels having now come into contact along their inner faces the 
central cavity seen in 143 has become obliterated. 144. Apex of the style column at the level of 
transition to the stigma. The fertile carpel bundles have divided in hall preparatory to the separa- 
tion of the six stigmatic lobes. 145. The six stigma lobes which are centred over the loculi. 
146-8. Cneorum tricoccon L, 146. Base of the ovary after the sterile carpel midrib bundles have 
turned out from the central cylinder. In the centre, on the alternate radii, the cords for the fertile 
carpels. 147. Middle region of the ovary. In the mid-line of each fertile carpel an interstitial 
radial split. 148. Upper region of the ovary now become unilocular owing to the disappearance 
of the central parenchyma. The interstitial radial slits seen in 147 have extended to the centre so 
that the single loculus is 6- rayed. 149-54. Srythroxyhn Coca Lam. 149. Flower base showing 
the exserted sepals, the petals just before exsertion, and the staminal ring defined, but not yet dis- 
joined from the trimerous gynoecium. The bundles for the antesepalous stamens stand slightly 
farther out than those for the antepetalous members (see explanation, p. 688), In the centre the 
midrib bundles for the three sterile carpels and the twin strands for the three fertile members. 
150. The staminal ring and gynoecium now disjoined. 15 1. The staminal ring. 152. The ovary 
just before the appearance of the loculus (indicated by the interrupted line), of irregular shape owing 
to only one of the three fertile carpels being functional* 153* The same after the loculus has 
become closed. 154. The three stigma lobes which are centred over the loculi, each with sterile 
carpel midrib and an area of conducting tissue. 

Z z 
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whole configuration is such as to produce at first a diplostemonous arrange- 
ment as in Stachyiirus. Previous to exsertion the petals are packed 
between the enclosing sepal edges to the outside and the staniinal ring on 
the inside* Their shape causes an indentation in the ring on these radii, 
henccj while the antesepalous stamens come to stand farther and farther 
from the centre^the antepetalous members are being prevented from taking 
iip-a position farther out, so that the flower at this level is diplostemonous. 
In the oligomerous gynoeciiim (G 3 or 4 + 3 or 4) only one of the potenti- 
ally fertile carpels is usually functional. As the loculi become closed the 
fertile carpel bundles are no longer traceable, the sterile carpel midribs 
alone passing up into the separate styles. 

Summary and Conclusions. 

Except where individual families are cited the following statements, in 
so far as they are applicable, hold good for the several families Rutaceae, 
Zygophyllaceae, Meliaceae, Cneoraceae, Erythroxylaceae, and Stachy- 
uraceae : 

I. The sepals are usually furnished with commissural marginal veins 
arising in the typical manner as components of trunk cords turning out 
from the central cylinder on the petal radii. In a minority of species the 
marginal veins either arise through true lateral branching of the midrib or 
are lacking, the midrib remaining unbranched or branching only near the 
apex. 

a. A study of the floral anatomy entirely confirms the view previously 
put forward that the fundamental principle underlying the radial relations 
of successive floral whorls is not primarily the alternation of the members of 
successive whorls, though this may result, but the alternation of the sets 
of vascular bundles turning out from the central cylinder to supply these 
members. When midrib bundles for successive whorls turn out indepen- 
dently the members of successive whorls as well as their midrib bundles 
regularly alternate. When the bundles for superposed members turn out 
conjoined as trunk cords the alternation of sets of outgoing bundles con- 
tinues unchanged, but the alternation of whorls is broken at this point. 
The most commonly occurring example of such a break in the regular 
scheme of alternation is seen in those completely isomerous types in which 
petal midrib and antepetalous stamen bundle turn out from the central 
cylinder conjoined into a single trunk cord with resulting obdiplostemony 
and antepetalous loculi. These differences in the manner of origin of the 
vascular bundles of successive whorls enables us to understand how it comes 
about that diplostemony and obdiplostemony, antesepalous and ante- 
petalous loculi, may occur among related forms having the same floral 
gro«nd-pIan, and why the suppression of the inner stamen whorl, even 
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when not epipetalous, is able to occur without affecting the radial position 
of the succeeding whorls. 

3. The normal occurrence in many types of one set of trunk cords, 
from which are derived the midrib bundles for two successive whorls of 
members situated on the corresponding radii, throws light on the cause of 
the * loss ^ when a whorl is suppressed. Suppression in the above circum- 
stances may not imply complete failure to initiate any stage of the develop™ 
ment of the missing members, but the lesser deviation from normal of the 
failure to detach a component from an existing bundle. 

4. The facts observed afford further evidence in support of the view 
previously expressed that in the Dicotyledon flower which is isomerous 
throughout diplostemony, in consequence of cumulative ^ congestion ^ 
effects, is comparatively rare, only being met with in those forms where 
some special structural configuration either affords the necessary ‘ relief ’ 
from this state of congestion, as when a gynophore is developed, whereby 
the level at which radial extension of the ovary occurs is raised above that 
at which the ‘ blocking ’ effect due to encirclement by the earlier outer 
whorls has diminished. Or, introduces dissimilar conditions on the two 
sets of radii, as when the disc carrying the stamen filaments is of such a 
shape that the distance of its free border from the axis centre is greater on 
the sepal than on the petal radii, so that the antesepalous stamens are 
carried farther out than the antepetalous members. 

5. The present interpretation of the cause of genuine obdiplostemony 
in association with antepetalous loculi in the Dicotyledon affords an 
explanation of the curious and hitherto unexplained circumstance of the 
complete absence of these features among Monocotyledons. For in 
Monocotyledons the conditions in which these relations are found 
characteristically in Dicotyledons are never present. 

6. The original relative position as regards distance from the axis 
centre of the vascular bundles for the two stamen whorls before exsertion 
of these members may be modified after exsertion by secondary causes 
such as dense packing or the union of the filaments at their base into a tube. 

7. The gynoecium in each of the six above-mentioned families, as in 
all other syncarpous types so far investigated, is found to consist of two 
carpel whorls, the outer sterile, the inner fertile. The ground-plan in all 
types is expressed as G n + n but 7 i may vary from i to ao. 

8. The vascular system of the gynoecium shows very generally a 
marked degree of degeneration. In the majority of genera the fertile 
carpel bundle corresponding in position with the sterile carpel midrib is 
lacking, while in many the sterile carpel midrib has also disappeared com- 
pletely, or is but feebly developed and soon ceases to be traceable. This 
general condition appears to be associated with the development of an 
abundance of oil-secreting cavities (most Rutaceae) or of individual oells 
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rich in oil or in mucilage {Auged). In the Zygophyllaceae, in which oil 
glands are lacking, the sterile carpel midribs are comparatively well 

developed. 

9. The pseudo-apocarpous condition characteristic of most rutaceoiis 
genera arises from radial splitting of the fertile carpel members and may be 
compared with that seen in Stercnlia, The split may extend from the 
outer surface inwards to the ventral face ; or, it may appear first as an 
interstitial rift in the mid-line of the fertile carpels, which later extends in 
one or both directions ; or, again, where the pith comes early to an end, it 
may begin at the inner face and extend outwards. 

10. The relation in respect of the vascular scheme of the wholly 
syncarpous to the spuriously apocarpous types in the six above-mentioned 
families may be compared with that existing between those genera in the 
Liliaceae, Fritillaria, Ttdipa^ Lilium, which have a fertile carpel main 
bundle corresponding in position with the midrib bundle of the sterile 
carpel, and are without ‘ septal ' glands, and those constituting the rest of 
the family which, conversely, have no such bundle and possess ‘septal’ 
glands. 

11. The level at which transition from the syncarpous to the spuriously 
apocarpous condition becomes complete depends, as a rule, upon the level 
at which the pith tissue comes to an end: In the Zygophyllaceae and in 
the few Rutaceae in which the pith persists to the apex the ovary remains 
syncarpous. 

1%, The individual ovaries, which result from radial splitting of the 
fertile carpels, are not monocarpellary as hitherto conceived, but consist, as 
their method of origin indicates, of a whole sterile carpel together with half 
the adjacent fertile carpel on each side, i.e, of ^ i -I carpels. In a type 
where, through reduction, only one sterile and one fertile carpel are 
developed, as in Cneoridium (Rutaceae), in which consequently there is 
only one ovary present, a radial split in the mid-line of the fertile member 
results in a similar configuration. 

13. The two-carpelled ovary of Cneoridium presents a resemblance in 
a transverse section taken below the level of origin of the ‘ gynobasic ^ style 
filament to the two-carpelled ovary of the Leguminosae, in which radial 
splitting of the fertile member also takes place for an extremely short 
distance at the ovary base. But in this latter family, where the style 
springs from the summit of a greatly elongated ovary, almost the whole 
length of the ovule-bearing region intervenes between the opening so 
formed connecting the loculus with the exterior and the base of the style, 
whereas in Cneoridium the ‘ gynobasic ’ style arises immediately above the 
level of closure of the passage. 

14. The individual style filaments when free, and the unit components 
of the style column when fused, stand in line with the sterile carpels in all 
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the above-meationed six families. When partially or completely connate 
each, probably^ always represents the prolongation of f 1 1 carpels. In male 
flowers in which the ovary is syncarpous but the styles are distinct only 
the sterile carpels are prolonged to form the filaments. This is very 
probably the case also in the hermaphrodite floivers of Erytkroxylon Coca 
in which the styles are free and receive only the sterile carpel midrib 
bundles. 

15. The separate stigmas or unit stigmatic lobes are centred over the 
sterile carpels and hence over the loculi. 

16. In those declinous types in which the gynoecium of the female 
flowers remains syncarpous throughout while the male flowers develop a 
sterile gynoecium open at the top and with separate style filaments, these 
features of the male gynoecium are due to the suppression of the inner, 
fertile carpel whorl. Consequently placentae, placental bundles and ovules 
are absent. Furthermore, as the pith comes to an end the small sHt-Iike 
loculi become continuous, giving rise to a single cavity, open above to the 
exterior for the short distance before the sterile carpels, unable to cohere 
with each other, separate to terminate in distinct styles, as in Phellodendron^ 
Evodia^ and probably Vepris, This relation between the ovaries of the 
two sexes is precisely similar to that exhibited in still more striking fashion 
in species of Paepiila?tihus (Eriocaulaceae) in which the o\rary of the male 
flower is three-styled and that of the female flower six-styled. 

17. In those diclinous types in which the gynoecium of both female 
and male flowers becomes spuriously apocarpous and the styles remain 
distinct, as in Zantkoxylu 7 m the sterility of the male flowers is similarly 
due to the suppression of the fertile carpels, the ovaries being without 
loculus, placentae, placental bundles, and ovules, each being composed of 
only a single carpel. 

18. In the diclinous flowers of Pielea^ in which the ovary wall is 
formed entirely from the sterile carpels, the inner whorl of fertile carpels is 
present in the male as well as the female flowers, but in the male flowers 
they do not reach full development, the ovules being aborted, 

19. In the female flowers of Ptelea a definite bundle (starch) sheath 
surrounds the central vascular cylinder between the levels at w^hich the 
bundles for the sferile carpels turn outwards and those for the fertile 
carpels are organized, a feature difficult to reconcile with the traditional 
view that only one whorl of carpels is present, but quite compatible with 
the interpretation that G = z + a. 

The inability of the sterile carpels, when present alone, to remain 
conjoined^ which is characteristic of the style region in the male flowers of 
Pkellodefidran^ Evodia, and Veprzs^ is seen in a more extreme form in the 
variety digitata of Citrus medica subspecies Limonum^ in which it is 
inferred that the fertile carpels are similarly suppressed since loculi, 
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placentacs and ovules are lacking. Here the sterile carpels appear as so 
many finger-like structures, which are separate almost from the base. 

21. The appearance that the unit stigmas in some species of Boroma 
{B. megastigma^ B. Purdieand) (Rutaceae) are commissural and centred in 
line with the sepals in contrast with other species of Boroma and with most 
other Rutaceacj in which they are centred over the petals, is illusory. The 
unit stigmas in megastigma and similar species correspond, not with the 
four arms of the stigmatic cross, but with the four alternate V-shaped 
sectors which are centred midway between the arms. Each of the four 
arms represents the termination of one whole fertile carpel, which is split 
radially in two ; each of the V-shaped sectors, Le. each unit stigma, consists 
of one whole carpel flanked on each side by half of the neighbouring split 
fertile carpel. 

The accompanying drawings were made by Miss D. F. M. Pertz, to 
whom I here tender my very grateful thanks. 

I am also greatly indebted for material to the Director of the Royal 
Botanic Gardens, Kew, to the Directors of the Botanic Gardens at Cam- 
bridge, Calcutta, and Trinidad, to Professor F. E, Clements, and Mrs. M. R. 
Levyns. 
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Introduction. 

ACONITUM is a large genus with its maximum of diversity in the 
JIA mountainous borderlands of Central Asia. It falls into three groups 
according to the nature of the underground portion of the plant. The first 
group, corresponding to the section Gymnaconitum of Stapf, contains only 
the Species A. gyfnnandrtm^ Stapf, an annual It will not be considered 

[Annals of Botany, Vol. XLVni. No. CXCI, July, issid 
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here. The second group, corresponding to the section Lycoctonum of 
De Candolle, has a perennial rhizome from which the flower-stems arise 
each year. The third group, comprising the large section Eu-Aconitum of 
C. A, Meyer and the small section Anthora of De Candolle, lias tubers. 
The Individual tubers are mooocarpic ; each puts up one flowering stem 
and then gives rise to one or more tubers from lateral buds. 

The section Lycoctonum extends from Europe right across northern 
Asia to Japan and Sakhalin and south to the western Himalayas, with one 
species in Morocco and one in eastern N. America.’^ The species when in 
flower are as a rule easy to recognize on account of the tall helmet The 
colour of the flowers is most generally a pale waxy yellow or a dingy 
purple. 

The small section Anthora forms a natural group of somewhat more 
restricted distribution. It differs from the rest of the genus in having per- 
sistent sepals. The colour of the flowers is almost always yellow. The 
section is mainly represented in Northern Asia and Central Asia, with out- 
lying stations in the Caucasus, in eastern and southern Central Europe and 
the Pyrenees, and in Western China. It does not occur in America. 

The remainder of the genus forms the section Eu-Aconitmn. The 
roots are tuberous, the sepals deciduous. The flowers may be any shade 
of blue or purple, occasionally yellowish-white. The helmet is variable in 
shape and height, but rarely equals the elongation found Jn the section 
Lycoctonum. Species of Eu’Aconitum cover the whole of Europe and 
temperate Asia, and range to North America. 

In the last half-century a large number of Asiatic and American 
species have been described. In China and Inner Asia the genus is repre- 
sented by a long list of species ranging in habit from' A. Hemskyanmn, a 
scandent form growing 9 ft. high in bushes, to A. navictdare and A. Hookeri^ 
growing a few inches high with at the most three or four flowers on a stem. 
The commonest Far Eastern aconites in cultivation are A. Wilsoni Stapf, 
and A. chinense Sieb., which have large flowers and large thick leaves, the 
lower ones at least with broad segments, and flower quite a month later 
than the blue-flowered European forms. 

There is no monograph more recent than that of Stapf (13) on the 
Indian and Gayer (4) on the European species, and the newer species from 
China and Inner Asia await detailed classification. 

The present paper deals with the somatic chromosome complements of 

(x) the section Lycoctonum ^ 

(^) the section Anthora^ 

(3) ^ small number of Asiatic Eu-Aconiti of various affinities, 

^ The affinities of A. redinaium are not beyond question, but Gray (6) definitely referred it to 
the'se^ction Lycoctontim. 
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(4) the sub-divisions of the European Eu-Acomti, and the hybrids 
between them. 

Previous studies have been ipade by Langlet ( 9 , 10), Lewitsky ( 11 ), 
Darlington ( 3 ), and Afify ( 1 ). We are indebted to Darlington for certain 
of the illustrations in the text (Figs. 16, and aa). 

A key to the sections, a provisional arrangement of the Asiatic 
Eu-Aconites and some tabulated information about the European species 
will be found in Appendix I. 

Material, 

All the available particulars as to the origin of the material will be 
found in Appendix 3. 


Methods. 

The fixative used for root-tips was a BE (8). Sections were cut at 
% 6 ix and stained by Newton’s gentian violet method (8). 

Drawings were made with a 1-5 Zeiss apochromatic objective and a x 30 
compensating ocular, with the aid of an Abbe camera lucida, giving a 
magnification of roughly 6,000, and have been reduced in reproduction to 
the magnification shown. 


Section Lycoctonum. 

Five species have been examined, viz. : — 

1. A* vulparia Rchb. 5 clones \ 

2. A, orientate Boiss. 3 clones 

3. A. Lycoctonum A. septentrionale Koelle) rAll diploid, 16. 

4. A. luridiim Hook. fil. et Thom. 

S» A, ihyriacum Blocki. / 

A, vtilparia shows considerable variation in the type of inflorescence, 
dissection of leaf, vigour, &c. Some of the clones were coarse growers with 
dissected ranunculoid leaves, while one (i^i/33) was the Alpine type with 
moderate growth and broad leaf segments. A. orientate, from the N ear East, 
differs from A. vulparia in its narrow elongated helmet. The remaining 
species, A, Lycoctonum L. from Sweden, A, iuridum from Northern India, 
and A. thyriacum from Galicia, all have flowers of some shade of purple. 

As shown above the chromosome number was constantly diploid, 
a #=16. The appearance 'of the complement was characteristic (see 

p- 705)- 

Section Author a. 

It is a question whether A. Anthora can be divided into good sub- 
species or varieties. It varies to some extent in stature, branching, width 
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Figs. i~6. Somatic metapliases in aconites of tbe section Lycoctonnm. All diploid, 2 w » 16, 
rig. A,Juf‘id'un%^''mSSsL. the greatest total chromosome length observed in any diploid species. 
Fig* 2, the lowest total length in the section. Figs, 3, 5 and 6, different 

clones of wf/wm (28/30, :2i/33, 17/33). Fig. 4, A. oHmiak. , x 3,000. "" ' ; 
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of leaf segments and shape of hood, but is always readily recognizable and 
distinct from all other species. 

Only two stocks have been obtained. These were tetraploid, %n 
(Fig. 16). Langlet and Lewitsky also report tetraploid forms. 


Section Eu-Aconittim, 


(a) Middle mid Far Eastern Eu- Aconites. 


The following have been examined : 

Dwarf group h 

A. heierophyllum Wall. 

A. Toppinii Stapf 

‘ Chinese^ or paniculate group, 

A. transsecium Diels 
A . Forrestii Stapf 
A. chinense Sieb, 

A, f spicatum (Hay 414)^ 

A, sp. (Hay 409) 

A, palmatum (or hybrid) 

A, f palmattim (Hay 12) 

A, Wilsoni Stapf 


Scrambling group ^ 

A,f Hemsleyanum Pritzel (Kew) 

. W » .. (Hay) 

„ „ „ (Stern) 

A, f 'volubile Pall. 


2n — 16 (Fig. 7) 
2 n — 16 


2^2 = 16 (Fig. 9) 
2n — 16 (Fig. 8) 
2 n = 32 (Fig. 19) 
2 n = 32 
2 n = 32 
2^2 == 45-47 

2 n == 48 
2n — 64 


2 n == 16 
2 n = 16 
2n = 16 
2n = 32 


Any detailed discussion of the Middle and Far Eastern Eu-aconites is 
out of the question until much more material has been obtained. Referring 
to the working classification, Appendix i, it will be seen that three groups 
out of five are represented. In the dwarf group, the two forms examined 
are diploids. In the Chinese group, the leafy, paniculate type, there is a 
series of diploid, tetraploid, hexaploid, and octoploid species. In the 
scrambling group, of the four distinct clones examined, the three diploids 
evidently belong together, and the fourth, a tetraploid, is very different. 
Of the three diploids two are known to be Himalayan. Nothing is known 
of the origin of the other two clones, but the tetraploid on morphological 
grounds is probably A. volubile PalL, a Siberian plant. 

Langlet reports one of the scrambling group, A. volubile latisectum 
(see Appendix 2) as diploid,^ and also one of the Chinese group, A. kamt- 
schaticmn (= A, maximum PalL, see Hulten, 1928), He agrees with us in 
obtaining the octoploid number for A, Wilsoni 

See Appendix I (ii) for classification adopted. 

2 Mr. Hay’s plants were grown from seed collected in Nepal. They were sent here under 
number and have not all been named with certainty. 

3 The names in the scrambling group are in a state of great confitsion, 

^ The octoploid plant described by Darlington ( 3 , p. 216) as A!, vaiubik latisectum actually 
A, Wilsoni, 
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_ Figs. 7^12. Somatic metaphases in Asiatic diploid species of the section Eu-Aconitum. 
Fig. 7, A. heterophyllum (dwarf group). Fig. 8, A, ForresHi, and Fig. 9, A. tramsBctum {Q\m,t^ 
or paniculate group). A* iTaftsseciuvi has the least total chromosome length of any diploid spe^yies 
obsemd. 10-12, the three scandent types 29/33, 28/33 and 27/33. The three clones 

proDably ail lorms of, or closely related to, A, Btmskyanum Pritzel, l3Ut are distinct in origin and 
appearance, x 3,000. . — . 



Figs. 13-16. Somatic metaphases in Far Eastern polyploid species of the section En-AconitTim 
Fig. 33, A, chimme (tetraploid). Fig. 14, A. ? palmaium (Mr. Hay’s no. 12, from Nepal) 
2w == 48 (hexaploid). Fig. 15, 26/30, probably a hybrid derived from. A. palmatUm^ 2 n 45 
Fig. 16, A. Wiisonii in = 64 (octoploid). Figs. 13-15, x 3,000; Fig. 16, x 3,200. 

Fig. 16 drawn by C. B. Darlington. 

. (b) European Eu- Aconites, 

The following have been examined ; 

A, paniculatum Lam. (one done) (see Fig. 13) 

A, variegatupi (thxte clones) ^ 2w = 16 (see Fig. 14) 

Rchb. (8 distinct dones, see Appendix 3) 2/2 — 24 

A, Napelius L. (13 clones), (see Fig. 15 for a wild plant) 2/2 « 32 
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In addition the following is of uncertain position : 

40 and 44/30, a tetraploid, received from Messrs. T. Smith as vohibile^ i possibly 

A« Sioerkzammz. See below. 

The classification of the Eu- Aconites has always presented difficulties^ 
owing to variability within the species and plasticity in response to habitat. 
To this is added a certain amount of confusion due to hybridization. 

The elder Reichenbach (12) distinguished an inordinately large 
number of species amongst the European forms. The principal species^ 
however, are four, namely A. pmiiculatiim Lam., A. variegaitim L., 
A, Napelltis L., and A, iauricum Wulf. The two former belong to Seringe’s 
sub-section Cammarum (DC., Prodromus 1924) and the two latter to the 
sub-section Napellus. There is further the ‘species’ A> Stoerkianum 
Rchb,, forms of which appear to constitute a large proportion of the 
summer-flowering Aconites in cultivation.^ According to the systematists, 
hybridization takes place between the two sub-sections, and A, Stoerkianum 
is stated to be a hybrid between A, variegatum ^ and A. Napellus. 

It will be seen that the cytological results fully bear out this possibility. 
The A. paniculatum examined was diploid. Three clones of undoubted 

variegatum have been shown to be diploid. A. Napellus appears to be 
regularly tetraploid. No less than eight clones, all distinct in origin and 
appearance, and all placed on systematic grounds in the ‘ species ^ A, Stoer- 
kiantmt^ proved to be triploid, 2^ = 24, as would be expected if A. varie- 
gatum is diploid and the systematists’ view as to the hybrid origin of 
A, Stoerkianum is the true one. The corresponding hybrid between 
A. paniculatum and A. Napelltis has not been seen by the present authors, 
but it seems significant that it should have been called by Thomas 
A. sterile, for it should also be triploid. 

The situation is complicated by the existence of a tetraploid appar- 
ently belonging to the Stoerkianum group. Tins plant, 40 and 44/30, 
resembles the triploid Stoerkianums in many ways, particularly in the 
shape of the flower and texture of the leaf. It is, however, extremely tall, 
over 6 feet even in the dry soil of Merton, where the other clones only 
grow to about 3 feet ; and the individual sprays of flowers are exception- 
ally long. Nothing can be learnt of its origin except that it was in the 
herbaceous stock of Veitch’s old Coombe Hill nursery, now dismantled: 
Theoretically it might have come from a cross between an exceptionally 
tetraploid A. variegatum and normal A. Napellus ; or by the functioning of 
an unreduced gamete in a cross between normal variegatum and Napellus ; 

^ The aconite, being both decorative and officinal, is evidently a very ancient garden plant, and 
the actual origin of the various hybrid forms found in different parts of Europe can scarcely be 
traced. 

® In the’^present paper, following G^lyer (5), Cammarum is dropped as a specific name, and 
^ A. Cammarum and A. rosfratum of various authors are included under A, variegatum L. 
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Figs. 17-22. Somatic metaphases in European species, all of the section Eu- Aconitum except 
Fig. 20. Fig. 17, A. panictdatum (diploid). Fig. 18, A. varugatum (diploid). Fig. 19, A . 
Nap&llus var. anglicum (tetraploid). Fig. 20, A. Anthora (tetraploid). Figs. 21 and 33, 
A. Stufkianum ; Sparks’ Variety and 21/30 respectively (triploM). The chromosomes are smaller 
in Anthora than in the other species examined, x 3,000. 

Figs. 21 and 23 drawn by C. B. Darlington. ; 
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or by abnormal seed setting in a triploid StoerkianuM^ The question must 
be left open* It is of course clear that A, Stoerkiantim^ if it can be called 
a species, is a species of a different nature from A. Napellus or A. varze^'a- 
turn. It consists of a number of cloneSj which are probably of independent 



I JKLMNOP % R 
5-0|X 5*0[X 4-3pi 4-OpL 4*0p. 4-Op. 3-7p. 3*3p, 3-Ip. Z-Tp. 


Fig. 23 . The chromosome types observed, with the lengths attributed to them. 

\ 

origin, and some ot which, at least, are sterile. These clones have ^ 
sporadic distribution ; although they may from time to time be discovercvd 
in the wild, they are chiefly found, like the Neo-tulipae in Europe, irl) 
cultivation or as escapes from cultivation. j ii, 

Chromosome Morphology. I 

Aconiium belongs to the section of Ranunculaceae with large chromo- 
somes. The chromosomes are well differentiated. In the diploids they 
range in size from jx to z. little under 3 /x. In A. Anthora and the 
triploid Sioerkianum clone 6/33, three additional small types occur. A 
few of the chromosomes have median or sub-median attachments, the 
majority, however, are attached either sub-terminally or about one-third 
along. The smallest pair in A. Anthora are about i /x in length, their 
constriction being sub-median. Two sub- terminal types, 1-5 jx long, are 
found in 6/33, together with a small terminally constricted chromosome 
about i.i /i long, which has no morphological partner. The chromosomes 
of A. Anthora appear to be all reduced in size. 

The attachment constriction, which in most plant species is narrow — 
often narrower than secondary constrictions — is in most Aconitum species 
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more than one chromatid broad. If this is an artefact it is at least a 
® characteristic ' one (3). 




Fig. 24. Complements of 12 forms analysed in accordance with Fig, 23. Section Eii-Aconitum 

above, Lycoctonum below. 


Trabants are frequent; as many as four trabanted chromosomes have 
been seen in one diploid cell. It is quite clear that the nuclei of some 
clones contain morphologically odd chromosomes, a fact which indicates 
structural hybridity. 

Two diploid species, A. transsettum and the vulparia done stt/53, 
were found to have tetraploid sectox's. v f 

,3 A , 



704 


Schafer and La Cour. — A Chromosome 

An analysis has been made of the chromosome complement of the 
diploids* The method adopted was to draw all the identifiable types with 
the camera lucida from individual chromosomes lying flat, and to match 
these types as nearly as possible from cell to cell. It is not possible to get 
direct measurements in every case, on account of the chromosomes curling 
upwards. Only one cell was analysed in each case (the one drawn), and 
conditions of fixation were not uniform as between the species, so the com» 
parative results here given must be regarded as in the nature of a prelimi- 
nary survey only. 

Table I. 

Distributio7i of Chromosome Types, 

Section Lycoctomim. 

ABCDEFGHIJKLMNOPOR 

A. Lycocfonum (20/33) . 

A. mdparia (28/30) . .22~3~2ii-i'~-“'2 2- -- 

A, vuiparia (39/30) . .22--- i--234-~“-“ li-- 

A. rulparia (21/33) • .1212 i-i~-22~-2---2 

A. vuiparia (17/33) • .13-4 

A, orientale (37/30) . .121 i - i i--! 

A, luridum (16/33) . . .2-2i25---3--~i‘““--'- 

A, tkyriacum (19/33) • ,22-1 ii2--4~-~ i 2--™ 

Section Eu^Aconikmi* 

A. /teteropkyllupz {24 j^S) • .-22- - ~2---4~ - - - 4- -2 

A. Forreslii {61 /yp) . .i2i-‘--22~i---2“3~~2 

A, transsectum (64/30) . i 2 4-12 

A* Hemsleyanum Stern (27/33) 2 2~~ - -2-22- - - - 22-2 

A. Hemsleyanum Hay (28/33) - 22 - - -- 4312 - - - -.--2 

A, Hemsleyammt Kew (29/33) 22- - - --1221 - 2 22-- 

A, variegatum (22/33) • .I2I----422---I l’--2 
A, paniculatum {zfj-sp) . .i2-~--5iil-“l ~2 - -- 2 

The types distinguished, with their calculated lengths, are shown in 
Fig, The chromosome complements of twelve diploids are shown 
diagrammatically in Fig. 24 (drawn accurately according to the determined 
type and calculated length of the type). The complements of sixteen 
clones are tabulated in Table L There is considerable variation, but the 
only difference that can at present be picked out as of diagnostic value is 
that which marks off the section Lycoctontmt from the Eu-Aconites. It 
will be seen that in the former group a number of long-medium chromo- 
somes (types Dj, E, and F) are always present, which are completely lacking 
in the latter group. The balance is possibly made up on types H and I, 
though these are not of the same form as D, E, and F. Again the small 
trabanted chromosomes (type R) are present with great regularity in the 
Eu-Aconites, but almost invariably lacking in the mSdon. Lycoctonum, 
The numbers of each type in the two sections (sixteen diploid clones) are 




Fig. 26. As in Fig. 25, but with chromosome types grouped. 

and ready method of analysis, there is a manifest difference between the 
sections. This comes put even more clearly in Fig. %% which shows the 
total chromosome length. Within the Eu-Aconites, so far as cari be 



7 o 6 Schafer and La Cour,—A Chromosome 

discovered at present, the complement appears to give no clue to the 
systematic position* 


Section Eu-Aconitum 


96*8 

96 - 7 ^\ 

96“3' 

94-8' 

93-4' 

9i-8' 

89*8 


Section Lycoctonum 


HemsUyanum (stern) 
l^panicuiatum 
" HemsLeyanum (Kew) 

varieyatum ^ 3^3 
Forrestii 

HemsLeyanum (tiay) 

' heterophyUum 


114-1' 

H3-S' 

JJI-li 

/09-7' 


I04-Z±vulpar/a 
/03-8 1 orientate 


/ 00-6 


luridum 

vuLparia 

vuLparia 

thyriacum 


vuLparia 


96-64“/.ycoctonL;m 




80-6 


transsectum 


Fig. 27 . Total chromosome length as calculated for the complement in 8 forms each of the 
Eu-Aconitum and Lycoctonum sections. The mean length is 92*55 /x in the former and io 6 *S 6 p, in 
the latter* 


Lewitsky (11) has reported on four species of Aconittimy including 
A. Lycoctonum and A. Napellus, (He had no diploids in the Eu-Aconittim 
section.) He found in his Lycocto^ium the excess of long chromosomes 
which we have found to characterize the whole of the Lycoctonum section, 
and remarks on the significant fact that the complement of A^ Lycoctonum 
closely resembles that of Delphinium, 

No atteropt has as yet been made to analyse the complement of the 
'polyploid species*'v':':'^’'^/:,;\; s 
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Summary. 

I. Chromosome counts have been made of root-tips in some fifty 
clones of Aconitum from Europe arid Asia. There is a single basic 
number j # = cS. 

The section Lycoctomim appears uniformly diploid. 

3. The small section Author a is tetrapioid. 

4. The section Eti-Aconitum, with predominantly blue flowers^ con- 
tains diploidj triploid, tetrapioid, hexaploid, and octoploid forms. The 
triploids are probably hybrids, as is held by the taxonomists. 

5. Variation in chromosome number, as in external morphology, is 
greatest in the Middle and Far Eastern species. 

6. Some account is given of the comparative morphology of the 
chromosome complements in the diploids. The section Lycoctonmn can be 
distinguished cytologically from the section Eti- Aconitum, Many of the 
species have complements which cannot be analysed into similar pairs. 

7. It appears that polyploidy is the only means by which numerical 
change has operated in Aconittim to give new species. 

The authors are greatly indebted to the late Dr. O. Stapf, F.R.S., for 
guidance in the systematics of the genus. They are also much obliged to 
A. J. Wilmott, Esq., M.A., for facilities in connexion with the British 
Museum collections ; to their colleague Dr. F. W. Sansome, who handed 
over the material (under 1930 numbers) originally got together by him for 
genetical work ; and to the following, who have supplied seed or plants : 
Sir Arthur Hill, K.C.M.G., Sir William Wright Smith, J. W. Besant, Esq., 
W. Hales, Esq., of the respective Botanic Gardens ; E. A. Bowles, Esq., 
V.M.H., Docent Dr. H. Bruiin, Prof. R. Chodat, B. 0 . Coventry, Esq., 
Miss A, Eastwood, Prof. M, L. Fernald, T, Hay, Esq., V.M.H., CoL Gavin 
Jones, Prof. K. Maly, E, M, Marsden Jones, Esq., Prof, B. Nemec. 


Appendix I (i). 

Key to the Sections of Genus Aconitum, 

1, Root annual. 

Section Gymnaconitum Stapf (A, gymnandrmii), 

2. Root rhizomatous. Flower yellow or purple. 

Section Lycodonum DC. {A, Lycoctonum, A, vulfaria^ A, orieniak^ A'^r-taeve^ 
A, iuriduMi &c.). 
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3. Root tuberous. 

Sepals persistent after flowering, flowers generally yellow. 

Section Author a DC. (A. Anthord), 

Sepals deciduous, flowers generally blue or purple. 

Section Eu-Aconitum C. A. Mey. (A, Napellus^ A. variegatum^ A . panictilatum^ 
A. Wilsoni^ A, roUmdifolium^ A, heteropkyllu 7 n^ A, Forrestit, A. Hemsley- 
anum^ &c.). 


Appendix I (ii). 

Working Classification of the En-Aconites. 

(With special reference to the Far East.) 

The groups are based on general appearance and must not be taken as strict taxo- 
nomic units. They run together, but not so much as to vitiate their usefulness. Pending 
an adequate monograph, some working classification of the enormous group of Far 
Eastern species has to be used in handling material. 

1. Dwarf type. Dwarf mountain forms, rarely above i foot. E.g. A. HookerL {A, 

heierophyllum is rather taller, but belongs here.) . 

2. Slender type. Slender forms with dissected leaves. E.g. A, delphinifolium, (Not 

represented.) 

3. Napellus type. Forms of medium growth, with dissected leaves and generally narrow 

inflorescence. E.g. A. Napellus^ A. soongarictmi. (Not represented in our Asiatic 
material.) 

4. ' Chinese'^ or paniculate type. Forms of medium growth, with branched, leafy stems 

and generally paniculate inflorescence. E.g. A. chinense, A. Forrestii. 

5. Scrambling type. Climbing or scandent forms. E.g. A. Hemsleyanum^ A, Tjolubile, 

Appendix I (iii). 

Key to the Principal European Eu-- Aconites. 

(Omitting the hybrids, lumping all sub-species : largely following Gdyer.) 

1. Inflorescence lax : seeds ridged on face. 

Sub-section Cammarum. 

Flower-stems glabrous 

A. variegaiu?n. 

Flower stems covered with patent hairs 
A. paniculatunu 

2. Inflorescence crowded : seeds smooth on face. 

Sub-section Napellus. 

Flowering stems covered with adpressed hairs 
A. Napellus. 

Flowering stems glabrous 

A. tauricum (Eastern Europe only). 

Appendix I (iv). 

Characters op A. Napellus^ A. varlegatum, and A. Stoerkianum. 

Both A. Napellus and A. ^ariegaium are highly variable, but they do not appear 
to overlap. The following table gives the salient characters of the two species and of 
A. Stoerkianum^ the alleged hybrid between them. 
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A, Nape! his. A. Steer kianum^ A. variegatum. 

Upper part of stems downy Glabrous or nearly so Glabrous 

Crowded inflorescence, many flowers Many flowers Few flowers 

Inflorescence leafless, flowers carried Intermediate Inflorescence leafy 

well above the leaves 

Often unbranched; if branched, Usually much branched; Often unbranched; if 
angle of branching narrow angle wide branched, angle wide 

Short hood and short beak Hood often tali and Hood often tall and 

strongly beaked strongly beaked 

Leaves characteristically dissected, Leaves very variable Leaves not greatly 
large divided, rather small. 

Appendix II . 

List of Species Examined by Lang-let (9, 10). 

Diploid.^ zn — 16. 

A. excelsum. 

A. septentrionaJe. 

A. kamtschaticmn (as ^ Aconihon sp.’ in 1927 paper). 

A. vulparia. 

A* volubile latisectum. 

Triploid, 2n = 24. « 

A, Napellus, 

A. Napellus Sparks’ Variety. 

A<, variegatum. 

Te trap laid, 2n = 32. 

A. calif ornzcnnu 
A. Delavayi. 

A. Kumetsoffii. 

A. paniculaittm. 

A. Anthora. 

Octeptoid^ 2n ^ ca. 64, 

A. Wilsofiii. 

Langlet reports * Sparks’ Variety ’ as triploid. He also reports a triploid variegatum 
and a triploid Napellus, but from information which he has been kind enough to supply 
privately, it appears very probable that these plants were garden hybrids of the Stoer^ 
kianum type so freely represented in our own material. His ^ variegatum like Sparks’ 
variety, was sterile and set no seed. 

Langlet gives no authorities for his names and appears to have taken them from the 
Botanic Garden labels, so liis identifications should not be too much relied upon. His 
object was a general survey of the Ranunculaceae. 

Appendix HI. 

List of Plants Examined^ with Particulars of Origin} 

Section Lycoctonum (all diploid, 2 n = 16.). 

A. vulparia Rchb. (Lumping the sub-species.) 

I. 28/30. From the Chelsea Physic Garden as Lycoctonum* Leaves® deeply cut, 
segments broad. Very coarse grower. 

^ Specimens of all the stocks used are being deposited at the Natural History Museum, London, 
The numbers cited are the record numbers under which the plants have been grown at Merton. 

2 Notes refer to the basal leaves. 
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2. 39/30. Another clone of the same origin. 

3" 34/30* From Kew as barbaiuni^ 

4. 17/33. From Messrs. Wm. Wells as A?ithora. Origin unknown, has been in 

cultivation with them for many years. Leaves variable, hood somewhat 
triangular. 

5. 21/33. From Col. Gavin Jones as Anthora. Collected, or raised from seed 

collected, in the Alps. Leaf segments broad. Short, rather dense raceme. 

A. orientale Boiss. 

1. 37/30. From Messrs, van Tuber gen as orientalis. Helmet tall and narrow, 

leaves divided to the base. Dense panicle. 

2. 38/30. From Messrs, van Tubergen as orientalis ochroleucum. Helmet and 

leaves similar to inflorescence less dense. 

3. 48/30. From Kew as vulj}aria. Like 38/30 but leaves cut into very narrow 

segments. 

A. Lycociomim L. (= A?. se;ptentrio 7 iale Koelle). 20/33. 

From H. G. Bruun, collected wild in Sweden. Leaves palmately cut, but round 
in outline j segments very broad. Flowers lilac. 

A. hiridum Hook fil. et Thoms. 

16/33. From Kew, where it was raised from seed sent in from Darjeeling. Livid 
purple flower, tall broad hood. Plant clothed with yellow hairs. 

A» thyriacmn Blocki. 

19/33. From Glasnevin. Greenish-purple flower, extremely tall narrow hood 
with a slight crook in it. 

Section Anthora (tetraploid, 2n = 32). 

A, Anthora L. 

15/33. From Mr. E. A. Bowles, cultivated in his garden. 

33/33* Bought from Messrs. Thompson and Morgan, as A. anretmi. 

Section Eu-Aconitum C, A. Mey. 

(a) Asiatic. 

i. Dwarf group (both diploid, 2 n = 16). 

A, heierophyllu 7 n. 

24/33* From Mr. T. Hay, Office of W^orks, who raised it from seed collected 
in Nepal. About 18" high, flowers striped blue and white. A common 
Indian species. 

A, Toppinii Stapf. 

23/33* From Kew. Very dwarf. 

ii. Chinese group (leafy, paniculate). 

Diploid, 231 == 16. 

A, Forrestii Stapf. 

61/30. From Glasnevin. 

A. transsectum Diels. 

64/30. From Edinburgh. 

Tetraploid, an == 32. 

A* chinense Sieb. 

(i) 32 and 23/30. Messrs, van Tubergen as Fischeri, autumn- 

flowering. Leaves shining. Flowers sky blue, on characteristically short 
branches. Common in the trade as a species with which it ought 

' notdobe'confesed. 
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(2) 62/30. From Glasnevin as Fortunei, Dwarfer than (l), with darker 
flowers. Identified by Dr, Stapf. 

A. ? spicatum, 

Mr® Hay’s no. 414, from Nepal. 

Mr. Hay’s no. 409. 

31/33, From Nepal Not flowered here. 

Hexaploid, 2n = 48 or approximately. 

33/33. Mr. Hay’s no. 12, raised from seed collected in Nepal. Possibly 
pahnatum. 2« = 48, 

26/30. Plants sent from Edinburgh as palniatmn^ and involving* that species, 
but almost certainly hybridized since introduction. Chromosome number 
was not exactly 48 but varied from 45 to 47. 

Octoploid, an = 64. 

A. Wilsoni Stapf. 

(x) 10 and 16/30. From Edinburgh as volicbile latisecftim. 

(2) 17/30. From Kew as Delavayu 

(3) 18/30. From the Merton garden. 

(4) 27/30. Seedlings, Edinburgh. 

The plants vary a little, but their ultimate source is not known and they may all derive 
from the same introduction. 

iii. Scrambiing group. 

Diploid, 211 = 16. 

A, f He 7 nsleymium Pritzel. 

(1) 27/33. As volubile ixom Major Stern at Goring by Sea, who had it from 
a Forrest expedition, (Major Stern in 1932 supplied herbarium material 
and later tubers. The tubers gave = 16. In 1933 on being asked for 
more material he sent another and distinct clone. Presumably they are 
both from the same collecting.) 

(2) 28/33. volubile from Mr. Hay, who raised it from seed collected near 
Gantock in Sikkim. A very strong and freely branched climber. Pale blue 
flowers. 

(3) 29/33. As zwlubile from Kew, who have had it in cultivation for many 
years but do not know its origin. A slender climber. Earlier in flower than 
the two preceding. 

The above three forms, 27, 28, and 29/33, though distinct in appearance and origin 
bear a general resemblance to one another. They may tentatively be placed under : 

A, Hemsleyanum, 

Tetraploid, 2n = 24. 

A. f voiuMie Pall 

8/33. Received from Glasnevin as volubile. Very distinct from the three 
clones above. Flowers similar to those of A, chinense. This is probably 
the Siberian plant originally described as volubile by Pallas. Glasnevin 
could not give the origin of their stock. 

iv. Presumed hybrid. 

Triploid, »n 24. 

56/30. From Kew as undmtum^ and probably a hybrid involving that species. 
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{b) European* 

i. S'ub-Sectimi Cammarum. 

Biploidy 211 = i 6 . 

A. piiniculaiimi L. 

25/30. From Kew as cernuum (a sub-species oi pcmiculatimi), 

A. variegatum L. 

22/33, Plant about 2 feet high, few-flowered, leaves small and dry looking (not 
juicy). Cultivated on the rock-garden at Kew and identified by Dr. Stapf, 
Flowers blue and white, 

7/33. Collected by C. D. Darlington near the top of the Halltal in Austria 
(Salzkammergut). Flowers blue. 

9/33. From Professor Nemec at Prague as rostratum. Collected from the 
wild. Flowers blue. Rather more robust than the two preceding clones. 

A, variegatum is not easy to obtain, except by collecting in the wild; the plants 
offered by nurseries are almost always triploids, i,e. A. Stoerkiamim. 

ii. Sub-section Napellus, 

Tetraploid, 2B = 32. 

A, Napellus^ 

(1) 59/30. From Kew as Forrestii, A central type. 

(2) 2/30. From Messrs. T. Smith. Determined by Dr. Stapf as var, neo- 
montanum^ 

(3) 63/30. From Edinburgh paniculattmu Similar to (2), 

(4) 25/33. From Professor Chodat at Geneva, as Napellus, 

(5) 26/33, Kt’om Professor Chodat, as variegatum, 

(6) 2/33. From Professor Nemec at Prague, as Napellus. 

(7) 3/33« From Professor Nemec, as Weak stem, evident tendency 

to scramble. 

(8) 1/33. Nds, anglicum. From Mr. E. M. Marsden-J ones. Wild at Edington, 
Wilts., on the site of an old monastery. 

(9) 31/30* Var. anglicum. From the Cambridge Botanic Garden, as angliciwt. 
Agrees closely with 1/33. These two clones are in flower nearly a month 
before the rest. 

(10) 43/30. From Kew as voluhile, 

(11 ) II and 12/30. From Messrs. T. Sihith as pyramidala, 

(12) 13/30. From Messrs, van Tubergen as Napellus var. carnaum, 

(13) 50 and 54/30. From Messrs. T. Smith as giganteum album. White 
flowers. 

Ill, Presumed hybrids A. Stoerkiamim^dSb.). 

Triploid, 211 — 24. 

(1) 3 and 4/30. From Messrs, van Tubergen as bicolor, Flowers blue and 
white, 

(2) 5 and 6/30, From Messrs, van Tubergen as Napellus, Sparks’' variety. 
Dark blue. (Was introduced by Messrs, Maurice Pritchard 1898, being 
obtained from a cottage garden in Hampshire and named after a gardener 
called Sparks in Messrs. Pritchard^s employment.) 

(3) 20/30. From Kew. Flowers blue. 

(4) 2 1/30, From Kew as Carmichaelii, Finely cut leaf, stems almost un- 
branched. ; ^ ^ 



Survey of Aconitum. /. 713 

(5) 41/30- From Kew as rostratum jitdenbergense . Clear deep blue^ inflores- 
cence lax ; lateral branches long, 

(6) 42/30. From Kew as rostratum coeruleum. 

(7) 5/33* Received from Giasnevin as rostratujji. 

(8) 6/33. Received from Col. Gavin Jones paniculatum. Similar to (2). 

Tetraploid, 211 = 32. 

40 and 44/30. As voluhile from Messrs. T. Smith, of Newry, who had it from 
Veitch’s at Coombe Hill. Mr. G, Harrow, a former manager of this nursery, 
who has kindly looked through the records of Wilson’s introductions, can 
find no mention of this plant. It may be Asiatic but is more probably 
European in origin. 

All the Stoerkzanum clones were glabrous or nearly so, like njariegatum and unlike 
Napellus. 
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Introduction. 

T he plants described in this paper were discovered by Dr. Aubert de 
la Riie in March 1931 on his second visit to the Kerguelen Archi- 
pelago. In the course of an earlier geological exploration (1928-9) he found 
beds of lignite and carbonized wood but neither petrifactions nor impres- 
sions. The specimens were submitted to Professor Carpentier and Pro- 
fessor Depape, and at the suggestion of the former they were then sent to 
Cambridge. I was asked in the first instance to furnish brief notes, and 
later to examine the material in more detail : the notes, together with 
information supplied by my French colleagues, were utilized by Dr. de la 
Riie in a short palaeobotanical summary included in his recent book, 
‘^^tiide gdologique et gdographique de TArchipel de Kerguelen' (53, 
p, 145)* Most of the better specimens were photographically illustrated 
but without descriptions of the actual fossils. 

[Amials ofBotauy, VoL XLVin. No. CXCI. Juty,i934.] 
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I am greatly indebted to Dr. de la Rile for the opportunity of 
examining his collection and for his generosity in placing the material at 
my disposal. I am further indebted to him for herbarium sheets of recent 
plants, and photographs illustrating geological features. The figured 
specimens, with the approval of their discoverer, have been given to the 
British Museum. 

Though much of the material is fragmentary and inadequate for 
precise identification, it is important as providing more convincing evidence 
than has hitherto been available of the former existence of trees on a land 
that is now treeless. More than ninety years ago Sir Joseph Hooker (33 ; 
see also 18) recorded the occurrence of prostrate trunks of fossil trees of no 
mean girth, one of them over 7 ft. in length, in many of the basaltic sheets 
which are the dominant feature of the Archipelago ; he referred also to 
incinerated remains of stems that had been swallowed up by the lava flows. 
The petrified and carbonized wood has generally been regarded as proof 
of the former presence of mixed coniferous forests on the island : now for 
the first time Araucarian foliage-shoots, seminiferous cone-scales, a few 
leaves of flowering plants, fragments of fern fronds, and other remains fully 
confirm the former existence of trees and species of smaller plants which 
are no longer represented in the flora. Petrified wood alone is often un- 
trustworthy as evidence of the growth of trees in siiu\ the more recent 
discovery show^s that the fossils are relics of an autochthonous vegetation. 
The old problem of the origin of the flora of this remote Archipelago is 
raised afresh by the material now available. 

The Geological akd Physical Features of the Kerguelen 

Archipelago. 

The Kerguelen Archipelago (for a general account see 6, 34, 44, 53, 
61, 73, 82), a French possession, in the centre of the Indian Ocean, lies 
between 48°, and 50"^ S. lat. ; 68®, 27' and 70®, 35^ E. long. ; it is approxi- 
mately 80 miles long from north to south and slightly broader. It is rather 
more than 1,000 miles from Enderby Land and Kemp Land on the edge 
of Antarctica: Heard Island, its basaltic cliffs 6,000 ft. above sea-level, is 
300 miles to the south. Sir Douglas Mawson (30) confirmed the occurrence 
of the ‘ Gaussberg Rise ", which stretches towards the Antarctic continent 
as a narrow submarine platform (350 fathoms) and is separated from the 
mainland by water 3,000 metres in depth. The islands of St. Paul and 
Amsterdam (see Map II, p. 728) are 800 miles to the north-east of 
Kerguelen. South Africa is 3,500 miles distant. At intervals in the zone 
of westerly winds stretching 3,130 miles to Cape Horn there are groups of 
lava-built islands affording evidence of former volcanic activity ; first the 
Crozets, their precipitous cliffs towering $poo ft. above sea-level, 1,300 miles 
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away, followed by Marion and Prince Edward Islands based on a sub- 
marine platform. Farther west is South Georgia, one of a series of islands 
forming a looped festoon curving eastward from the Falkland Islands and 
bending back through the south Sandwich group, the south Orkneys to 



Map I.™ Sketch-map of the Kerguelen Archipelago : i, ii, localities where fossil wood was 
found by earlier explorers. R, Mt. Koss. J. Peninsule Joffre. ill. Port Jeanne d'Arc, where the 
recent collections were made. 


the south Shetlands on the flanks of Graham Land. It has often been 
suggested that this looped festoon marks the position of a former bridge 
joining South America and Antarctica: if it does, the lost land lies in 
places at least 3,000 metres below sea-level. Similarly, if the Crozets are 
relics of a land-bridge the foundered link between them and . Kerguelen 
lies 4,000 metres deep ; and over the ridge between the Crozets and Marion 
Island soundings reveal a depth of more than 2,000 metres. 

Macquarie Island, 600 miles south of New Zealand, from which it is 
separated by ocean depths of 3,000 fathoms, is linked floristically with the 
sub-antarctic islands to the west of Kerguelen. 

Subsequent to its discovery in 1772 by the Breton Navigator, Yves 
de Kerguelen, who was followed in 1776 by Captain Cook, the Archipelago 
has been visited on several occasions by expeditions from different 
countries. Since Hooker and other members of the Ross Expedition 
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explored parts of the Archipelago, various additions have been made to 
our knowledge of the natural history and geology : the recent work of Dr. 
de la Riie is an especially notable contribution to a better understanding 
of the structural features. The terraced hills of basalt (Pi. XIV, Fig. i) 
bear a striking resemblance to those of Iceland, the Faroe Islands, and the 
Inner Hebrides: the Archipelago is a volcanic plateau sculptured by inten- 
sive erosion into gloomy hills, culminating in Mt. Ross, over 6, coo ft. 
above sea-level, escarpments with horizontal dip-slopes, and steep-sided 
valleys. Though corresponding in latitude with the southern part of 
England, Kerguelen Land is comparable in barrenness and in its partial 
covering of ice with Greenland and Spitsbergen : one-sixth of the surface 
is hidden by ice-fields and glaciers. Widespread mountains and erratics 
show that formerly almost the whole was glaciated. Dr. de la Riie, con- 
firming and extending discoveries by other geologists, describes many 
igneous rocks other than basalts ; he speaks of trachytes and andesites as 
widely spread, of syenites, diorites, and gabbros as playing an important 
role: granite and other acidic rocks are of rarer occurrence. Mt. Ross is 
mainly composed of andesitic lava. He recognizes four series of lavas and 
other igneous rocks : the oldest rocks are believed to be Mesozoic or even 
earlier; the second series is represented by the more acidic rocks — 
trachytes and phonoiites — probably Eocene in age; the main mass of 
basaltic sheets, reaching i,ooo metres in thickness, he attributes to Tertiary 
fissure-eruptions. The last volcanic phase, at the end of the Pliocene stage 
and continuing into the earlier part of the Quaternary period, is repre- 
sented by the andesites of Mt. Ross (Map I, R). There are now only a few 
fumaroles and warm springs. Dr. de la Riie found beds of volcanic ash 
resorted by torrential streams and comparatively thick deposits of river- 
borne sand and conglomerate : it was in these beds of ash and other sedi- 
ments interstratified with the third (Tertiary) series of lava-flows that the 
fossil plants were discovered near Port Jeanne d’Arc (Map I, J. Iir). He 
found no sedimentary continental rocks. 

In a recent lecture before the Geological Society of London Sir 
Douglas Mawson (42) referred to the occurrence of fragments of a Globigerina 
ooze in be4s of tuff on Kerguelen and other islands, indicating that the 
igneous outbursts had broken through pelagic sediments : he also spoke of 
the occurrence of plutonic rocks in the south-western part of Kerguelen. 
He was inclined to assign the lignites incorporated in the fluviatile con- 
glomerates resting on the lavas to a late Oligocene age. 

It is clear that the Kerguelen rocks are by no means exclusively of 
volcanic origin ; some are coarser-grained, deeper-seated products of 
crystallization. De la Rue speaks of the more acidic rocks as part of the 
Sial, that is the lighter layer, including the continental blocks, which rests 
; pn; t%.' heavier he; envisag^^ the Archipelago as a platform con- 
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sisting of a sheet of Sial floating on the Sima and penetrated by fissures 
through which portions of the substratum welled up as basaltic sheets. 
The Sial sheet, he thinks, formed part of the Antarctic continent, which in 
the early Tertiary period enjoyed a temperate climate and was attached to 
South America and Australia, from which it separated at the beginning of 
the Eocene period. 

On this wind-swept land, where it has been said there is ® the greatest 
persistence of heavy winds (from the west) of which we have any know- 
ledge ’ (76), there is very little difference between summer and winter 
temperatures — not more than 6° : the mean annual temperature is 3° C., 
approximately that of Iceland, Fogs are almost constant, and the number 
of sunny days may be only three or four in a month. The low summer 
temperature and the small amount of concentrated sunshine are the main 
factors responsible for giving to these mist-shrouded islands a climate 
much less favourable than the geographical position would lead one to 
expect. 

The Present Flora of the Arcfiipelago, 

Botanically, Kerguelen Land (for list of plants see 30, 33, 34, 37^ 47, 
61) is part of a circumpolar province including the sub-antarctic islands to 
the west and Macquarie Island far to the east, New Zealand with Auckland 
and Campbell Islands, Fuegia, and the Falkland Islands. A few of the 
plants are almost cosmopolitan, e.g. Cystopteris fragilis^ Hymenophyllnm 
peltaium. Polypodium vtdgare (represented by a variety), Lycopodium 
Selago, Calliiriche antarctica^ Limosella aqtmtica^ and Moniia rivularis : 
these are almost certainly immigrants from the northern hemisphere. One 
of the most abundant plants is a species of the southern hemisphere 
Umbelliferous genus Azorella^ A. Selago^ which forms enormous cushions: 
this species has its counterpart in A. caespitosa in Fuegia. There are five 
grasses, including Poa Cookii^ confined to Kerguelen, the Crozets, and 
Marion Island, and Air a aniarctica recorded also from the Crozets, South 
Georgia, the Falkland Islands, and as far south as Graham Land. Colo- 
banihus kerguelensis and Lyallia kergnelensis are endemic species, the 
latter the sole representative of a genus allied to Pycnophyllum of the 
Andes; Ranunculus Moseleyi^ one of four species of the genus, is another 
endemic. The Kerguelen cabbage {Pringlea antiscorbutica), a favourite 
resort of lazily crawling wingless flies, occurs also in the Crozets and 
Marion Island. As Hooker pointed out, the flora is most closely allied to 
that of Fuegia, though there are twelve species common to Kerguelen and 
the New Zealand region. The two species, Uncinia compacta and Co tula 
plumosa — the only bright colour in a sombre company — occur in New 
Zealand but not in Fuegia. Uncinia is a southern hemisphere genus and 
Cotula is mostly southern. It is noteworthy that with the exceptipn of 

3 ^. 
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Pdypodium vtdgare there is practically no link between the vascular plants 
of Kerguelen and South Africa. 

Half of the Lichens and 30 per cent, of the Mosses are said' to be 
Arctic species ; most of the sixty species of Mosses are believed to be 
endemic. The Characeae are represented by Nitella antarctica. 


Description of the Fossil Plants. 

Bacillarieae (Diatoms). 

An investigation by Miss Conway of crushed pieces of rock treated 
with acid and caustic potash revealed the presence of several Diatoms. 
Professor Fritsch, to whom the material was sent, tells me that after a pre- 
liminary examination he found Fragilaria bicapitata A. Meyer, a species 
recorded from sub-alpine habitats, other species of the genus, also examples 
of Cynibella^ Diatoma^ GompJionema^ Achiianthes ^ and Navicula, Professor 
Fritsch very kindly adds that he will examine the slides in more detail 
and, if specific identification is possible, embody the results in a separate 
paper. 

Muscineae. 

Dicranites atisiralis Dix., PI. XV, Fig. 28. Dr. H. N. Dixon (14) has 
published an illustrated description of two Mosses collected by Dr. de la 
Rue, Dicra7iites aust^'alis and Mnscites thuidioides. The material is ad- 
mittedly too incomplete to be assigned to an ‘ exact generic position ' : 
external characters of sterile fragments are alone available. The type- 
specimen of the Dicranites^ reproduced approximately twice natural size 
in PL XV, Fig. 28, shows the secund tips of branches covered with falcate 
or sub-circinate leaves. Though not necessarily most closely allied to the 
genus Dicranum^ it is undoubtedly a Moss of the Dicranoid type, a type 
still represented in the Archipelago. 

There are many fragmentary remains scattered over the shale, such, 
for example, as that shown in PL XV, Fig. 23, which are probably Mosses, 
but cannot be determined : it is clear that the conditions were favourable, 
as they are now, for the growth of representatives of this group. 

Filicineae. 

The collection includes fragments of more than one type of Fern, all of 
which are sterile and inadequate as guides to affinity. 

Filicites^ sp. A, PL XIV, Fig. 6 ; PL XV, Figs, ap, 30. 

* Fern L De la Riie (63), PL XXV, Fig. ii. 

The largest specimen is reproduced as PL XIV, Fig, 6 (xsj): it 
appears to be a piece of a bipinnate frond ; some of the smaller pinnules, all 
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of which are very imperfectly preserved, are more or less deltoid, and 
basally contracted, while others are slightly lobed and attached by a 
broader base. It does not agree closely with any of the few Ferns in the 
present flora, but may be compared with Aspidium mohrioMes Bory (33, 
Pi. 149), a species which occurs in the Falkland Islands, Tierra del Fuego, 
S. Georgia, the Auckland Islands, and elsewhere. It is, however, impossible 
to attempt a reference even to a generic position. The pieces of pinnae 
shown in PL XV, Figs. ^29, 30, may be specifically identical with the larger 
specimen : traces of venation are visible in some of the pinnules. 

Filicites sp. B. PL XV, Figs. 31, The relatively broader and 
more rounded pinnules shown in PL XV, Fig. 33, and the single pinnule 
(PL XV, Fig. 31) remind one of some species of Gleickenia^ a genus not 
now represented in the Kerguelen flora. 

PL XV, Fig. 33 (de la Rile (53), PI. XXV, Fig. 9). This shrivelled 
specimen resembles that represented in PL XV, Fig. 33, in the more open 
arrangement of the pinnules ; it is of no value as a record. 

Filicites sp. PL XV, Fig. 37. This little specimen ( x 3I) is probably 
part of a very young plant ; imperfect pinnae converge to a disk-like 
carbonized piece of rhizome. 

While some of the fern fragments may be compared with the widely 
distributed sub-antarctic species Lomaria alpina^ scraps such as those shown 
in PL XIV, Fig. 5, and PL XV, Fig. 33, afford evidence of the former 
existence of ferns of a type no longer represented in the Kerguelen 
Archipelago. 

Coniferales, 

Arancarites Ruei sp. nov. PL XIV, Figs. 3-4, 8, 9, 13, 14; PL XV, 
Figs, 31 , 35 ; Text-fig. 3. 

Araucarites de La Rile (53), PL XXIII ; PL XXIV, Figs, i-io, 13. 

After some hesitation, foliage-shoots bearing leaves of two sizes are 
referred to a single species in which are included detached seed-bearing 
scales. Unfortunately it has not been possible to make preparations of the 
cuticles of the smaller leaves, but only of the larger. The close agreement in 
form of all the leaves, and the occurrence of specimens intermediate in size 
between such specimens as those shown in PL XIV, Figs. 4, 8, and 30, are 
points in favour of specific identity. It is, however, by no means impossible 
that, as others ( 53 ) have suggested, more than one Araucarian conifer 
flourished in the Archipelago. 

Foliage-shoots, Examples of the larger form are shown in PL XIV, 
Figs. 3-4 : the leaves have a maximum breadth of 7 mm. and are 1*3 cm. 
long ; they are broadly triangular and falcate ; the apex is more obtuse 
than acute. In some examples there is a fairly well-marked median keel. 

Preparations of carbonized films made and described by Miss Conway 
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reveal characters agreeing with descriptions by Dr. Florin (22) of the 
cuticles of recent species included in the section Eutacta, particularly 
Araucaria excelsa. In the cuticle oi A. excelsa represented in Text- fig. i, 
subsidiary ceils {Nebenzellen of Florin) are seen at s, and an encircling cell 



Text-fig. i. Text-fig. 2. 


Text-figs, i and 2. Fig. i. Cuticle of a leaf of Araucaria excelsa ; e, encircling cells ; 
subsidiary cells; margin of ciitin. x 300. Fig. 2. Cuticle of Arattcarties Rzm. x 300. 
(Prepared from a specimen like that in PI. XIV, Fig. 4.) 


{Kranzzell of Florin) at e; the'single line x is interpreted as the free inner 
margin of the cutiii which extends deeply into the wall separating the sub- 
sidiary and encircling cells. In the imperfectly preserved cuticle from one 
of the large-leaved fossils shown in Text-fig. 2, the dotted lines mark the 
inferred position of portions of walls which have been partially obliterated. 
Comparing the two figures, one notices that the only real difference appears 
to be the absence of pitting in the fossil walls, a contrast possibly depending 
upon the state of preservation. 

In the smaller form of shoot (PI. XIV, Fig. 9, PL XV, Figs, ^^5) the 
leaves, as seen both in profile and in surface-view, differ only in size from 
those of the larger specimens. 

Corn-scales » The scales reproduced in PL XIV, Figs. 13 and 14, are 
preserved in a fine-grained ash ; they ai‘e 1*5 cm. broad at the distal end 
and taper to a narrow base. The broadly rounded outer edge of the 
flattened margin on the scale at the lower right-hand corner of PL- XIV, 
Fig. 14, is flanked by two lobes which form part of the thin lateral wing. 
A median longitudinally ridged region marks the position of the seed : in 
some specimens the seeds are preserved as carbonized detachable bodies. 
In the two^ examples reproduced, on a larger scale in PL XIV, Fig 13, the 
, relatively, long upt'.ttrned spiripus process is clearly shown. 
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Though a superficial comparison of the larger foliage-shoots with 
recent species might dispose one to select Araucaria Rulci as the nearest 
type, Miss Conway’s examination of the cuticle indicates a closer resemb- 
lance to the Norfolk Island A. excelsa. The cone-scales agree generally 
with those of A. excelsa, A. Cookii^ and allied species. Apart from the 
question of deciding which living Araticaria is the nearest relative of the 
Kerguelen conifer, the connexion is with species in the Australian-New 
Caledonian region and not with those of South America. 

Wood of conifers. Dr. de la Riie obtained many pieces of wood pre- 
served as lignite : one of the larger examples is illustrated in his book ((53), 
PL XXIII, Fig. i). Such of the material as w’-as examined microscopically 
in this laboratory did not furnish any new facts. We already know of the 
occurrence of wood with the Araucarian and the Cupressinoxylon types of 
structure (18, 67). 


Conifer Shoots of Uncertain Affinity. 

Elatocladus kerguelensis sp. nov. PL XIV, Fig. 5, PL XV, Figs. 1 8, i 8a. 

Elatocladus. De la Riie (53), PL XXIV, Fig. ii. 

In the note on the Kerguelen fossils in Dr. de la Riie’s book, some 
scraps of foliage-shoots are figured as examples of ElaiocladuSy the generic 
name usually employed for certain forms which in the absence of repro- 
ductive organs and through lack of cuticles cannot be assigned to a precise 
position. 

The impressions shown in PL XIV, Fig. 5 and PL XV, Fig. 18 ( x a), 
differ in the straighter and relatively narrow leaves with decurrent bases 
(PL XV, Fig. i8a) from the Araucarites. Some of the leaves show signs of 
a mid-rib. Comparison may be made with Sequoia sempervirens : one can 
only suggest the possibility of a connexion of such shoots as these with the 
stem previously assigned on anatomical evidence to the comprehensive 
genus Ctipressmoxylon (18). 

Elatocladus sp. PL XIV, Fig. 11. This fragment, distinguished by 
the very narrow and relatively long leaves, may be a young shoot of 
an Araucaria. It closely resembles the juvenile form of some recent 
Araucarian species, though one cannot be sure that it is a conifer. 


Plantae incertae sedis. 

Desmiophyllum sp. a. PL XV, Fig. 26. 

‘ Monocotyledon'. De la Rue (53), PL XXV, Fig. 5. 

The generic name Desmiophyllum^ established by Lesquereux and sub- 
sequently revived as a convenient designation for linear leaves of uncertain 
position, is adopted in preference to Momcotylopkyllum for the specimen 
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reproduced in PL XV, F\g, 2,6^ because of the characters of the cuticle (c£ 
Text-fig« 3). Superficially the two carbonized strips resemble broadly 
linear leaves of some Monocotyledon, which one would expect to be con- 
nected with a common rhizome. A more thorough examination showed 



Text-fig. 3. Cuticle of Desmiophyllum sp. a. x 300. 


that the numerous longitudinal veins are not strictly parallel as they would 
be in a single leaf, and preparations of the thin carbonized film covering 
the impression revealed the presence of more than two layers of cuticle. 
The apparently broad leaves appear to be made up in part at least of 
matted masses of narrow leaves. 

The cuticle represented in Text-fig. 3 was obtained by Miss Conway 
from an imperfectly preserved linear leaf 4 cm. long and 0-4 cm. broad, 
with a mid-rib and about four parallel and more slender veins on each side. 
On one surface of the cuticle no stomata were found; on the other they 
occur in longitudinal rows, and are surrounded by subsidiary cells which, 
with the adjacent epidermal cells, are strongly papillose. 

Stomatal bands of similar structure occur on the cuticles of the speci- 
men shown in PL XV, Fig. ad. The bands are usually about fifteen cells in 
width and separated by the same number of epidermal cells. In general 
appearance the cuticle (Text-fig. 3) recalls that of Taxus baccata, but the 
venation and leaf-form are of a very different type. It has not been possible 
to match the form and structure of the fossils with any recent Angiosperm, 
nor with leaves of the extinct genus PodoBamiies, The character of the 
cuticle by no means excludes a Gymnosperm relationship. Despite the 
fact that no satisfactory comparisons with recent plants can be made, 
the structure is worth recording if only as an illustration of the danger of 
'b^ing, misled by externaLfdrm. 
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The three following specimens are simply designated Desmiophylhmi 
sp» ; proof of identity with that already described is lacking. 

Pi. XI Vj Fig. 7. Monocotyledon \ De la Riie (53), PL XXV, Fig. 7, 
These linear leaves with five or six parallel veins are preserved as dark 



Text-fig. 4. Cuticle of Phyllitcs kerguelensis. x 500. 

brown stains on a lighter ground : they may belong to some Monocotyle- 
don or they may be leaves similar in cuticle-structure to those already 
described. 

Desmiophyllum sp. PL XV, Figs. 16, i6a. Fragments of cuticle 
obtained from this tapered linear leaf were too incomplete to furnish any 
clear indication of affinity. 

PL XV, Fig. 17. This is part of a leaf 3*5 mm. broad: on each side 
of a rather broader vein there are four more slender veins ; it is indeter- 
mioable, 

Phyllites kerguelensis sp. nov. PL XIV, Fig. 10. 

' Monocotyledon De la Rue (53), PL XXV, Fig. 6. 

This incomplete piece of leaf shows slightly more than half the original 
breadth of the lamina ; there is a fairly prominent mid-rib near the left-hand 
edge and numerous parallel veins are faintly seen on the carbonized surface. 
Miss Conway has supplied the following description of the cuticle (Text- 
fig* 4)* The leaf is amphistomatic ; stomata occur in bands parallel to the 
mid-rib; each band is four to eight cells in breadth and separated from 
adjacent bands by seven to ten rows of epidermal cells. The stomatal 
structure, while resembling that found in many Monocotyledons, does not 
agree with that of the Gramineae and Cyperaceae as described by Molisch 
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(43)j nor with the stomata! characters of the Commelinaceae. There is 
also a similarity to the structure of some Gymnosperms. It would seem 
from the classification given by Solereder (72) that there is no very definite 
stomatal distinction between Gymnosperms and Monocotyledons, The 
form of the leaf and the venation are unusual among Gymnosperms ; the 
leaves of a few species of Podocai^pits of the section Eupodocarptis are com- 
parablCj though the fossil leaf is slightly broader than those of the living 
plant. 

Leaves of Dicotyledons. 

Dicoiylophyllum Edtmrdsi sp, nov. PI. XIV, Fig, 12 ; PI, XV, Fig. ^3. 

^ Dicotyledon.’ De la Riie (53), Pi. XXV, Fig. i. 

The best specimen of dicotyledonous leaf, named after Mr. Edwards of 
the British Museum, is that shown in PI. XIV, Fig. lo , ; it is an impression 
of an obcuneate leaf, ^2-5 cm. long, with a maximum breadth of i«5 cm. 
There are a few shallow indentations on the imperfectly preserved margin 
of the broadly rounded apical part, but the lamina is mainly entire. From 
a relatively prominent mid-rib a few secondary veins are given off, the 
lowest of which follows a marginal course. The lamina tapers gradually to 
the base. None of the existing Kerguelen plants have this type of leaf: in 
shape and in venation it is comparable wdth some species of the Rubiaceous 
genus Coprosma, a genus which has its chief centre in New Zealand and 
the islands to the south. It is, however, hardly possible to assign it to ' 
a generic or even to a family position. 

PL XV, Fig. 5^1. (^ Dicotyledon’. De la Riie (53), PL XXV, Fig. 2.) 
This smaller leaf may be specifically identical with the larger, though the 
impression suggests a thicker and more leathery type. 

Dicotylophyllum sp. a. PL XV, Fig. 24. This small and imperfectly 
preserved obcuneate leaf with a strongly dentate upper margin reminds one 
of the lobed leaves of two of the existing Kerguelen plants, Rammctiltis 
trtdiifohus and Azorelia Selago ; the venation is very incompletely shown. 

Dicotylophylhim sp. PL XIV, Fig. 15 ; PL XV, Fig. 19. This is a 
piece of a larger leaf in w^hich the venation is of a different pattern. Only 
the stronger veins are seen as grooves dividing the lamina into irregular 
and slightly raised areas. 

PL XIV, Fig. 15 (x4) represents one of several torn fragments pre- 
served on a different kind of rock which are interpreted as the remains of 
still larger leaves exhibiting a reticulation formed by the veins as in PL XV, 
Fig, 19, The clean-cut semicircular area cut out of the piece in the middle 
of PL XiV, Fig. 15 reminds one of the work of a leaf-cutting bee. 

Fragmentary as are most of the fossils they are worth recording as 
evidence of the former ex^tence on the Archipelago of plants other than 
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those which compose the present flora. By far the most interesting speci- 
mens are those of Araucarites, The fossil plants do not of themselves 
enable us to assign the sedimentary beds to a definite geological position. 
The occurrence of a few types which are in all probability extinct is a 
point in favour of a Tertiary rather than a Quaternary age, a conclusion 
consistent with the indecisive geological evidence. 

The Geographical Distribution of tpie Genus Araucaria, 

(i) Present \ (ii) Past, 

(i) The Present Distribution . 

The genus Araucaria (24, 49) is now represented by about fifteen 
species, six of which are assigned to the section Colymbea and nine to the 
section Eutacta: in the typical Colymbea type the absence of wings on 
the seed -scales is one of the sectional characters, but in three species 
endemic to New Guinea the flat and comparatively long leaves, a distin- 
guishing feature of the section, are associated with winged cone«scaIes 
similar to those of the Eutacta group. Two species, both members of the 
Colymbea section, are confined to South America, a continent in which 
the Eutacta section is unrepresented. This section is now confined to 
Queensland, New Caledonia, Norfolk Island, and the New Hebrides (see 
Map II). 

It has been suggested that the former occurrence of the genus (Eutacta 
section) in the Kerguelen Archipelago is evidence of a southern origin in 
contrast to the spreading of many conifers from a northern home. Arau- 
caria affords a striking instance of the inapplicability of the Age and Area 
hypothesis to a single genus; its present range is discontinuous and re- 
stricted, whereas this ancient member of the Coniferales was formerly 
almost cosmopolitan. 

(ii) The Past Distribiition. 

In this short summary of palaeobotanical data the name Araucaria is 
employed in a wide sense as including not only living species, but also 
extinct forms described by authors either as AratLcaria or Araucarites, 
Most of the specimens quoted as evidence of the occurrence of Araucaria 
are cones or detached cone-scales : with few exceptions foliage-shoots are 
not accepted as trustworthy records unless actual evidence of Araucarian 
affinity is available. Fossil wood of the Araucarian type — that is, character- 
ized by contiguous and polygonal pits on the radial walls of the tracheids 
— is abundant in rocks of many ages: in itself it is of little value for our 
present purpose. We cannot as a rule distinguish between Araucaria and 
Agathis, nor between the secondary wood of Palaeozoic Cordaitalean aitd 
other plants and that of the Araucarineae. . We are not concenied ^ 
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ancestors of Araucaria, simply with fossils which agree more closely with 
that genus than with any other. As Dr. Florin (21) says, opinion on the 



Map II Southmi Hemisphere. Showing (i) the approximate present distribution of 
Araumriax blach patches and the broken line embracing parts of New Guinea and Australia and 
islaiids to the east, (il) The position of various islands mentioned in the text ; in the upper half-— 
A. C., Auckland and Campbell ; M., Macquarie ; N. C., New Caledonia ; N. H., New Hebrides ; 
Nk. I., Norfolk Island: lower half— Am., S. P., Amsterdam and S. Paul; Cr., M., P. E., the 
Crozets, Marion, and Prince Edward ; K., H., Kerguelen and Heard ; S. Ga., South Georgia; S. 
Gp.j South Sandwich Group; S. O., South Orkneys; S. S. South Shetlands; T. C., Tristan da 
Cunha. (hi) In Antarctica \ B., F., P., localities where fossil plants have been found ; E., Enderby 
Land, (iv) The geographical distribution of fossil Araucarias : circles accompanied by numbers; 
C., T,, Triassic, Jurassic, Cretaceous, Tertiary: i, Burrum (Queensland) and Lismore 
; 2, Victoria; 3, Tasmania; 4, 5, New Zealand (Kaipara Harbour, Shag Point, and 
Gore); 6, Kerguelen ; 7 ? Sunday R., Cape Colony; 8, Snow Hill and Seymour 1 . ; 9, Graham 
Land ; lo, Magellan Straits; ii, Patagonia; 12, Santa Cruz. 

phylogeny of the Araiicarineae is as sharply divided as ever: our know- 
ledge of extinct Palaeozoic plants does not enable us to do more than 
%edulate more or less vaguely on the course of evolution. 



Fossil Plants from the Kergtielen Archipelago. 729 

The oldest-recorded occurrence of a single-seeded scale resembling in 
size and form the cone»scales of recent species is A. Delafondi described 
by Zeiller (87), (PL L, Figs, i, i d)^ from Lower Permian beds (Autiinian) 
near Aiitun in France. The author of the species, while impressed by the 
resemblance to Arm^carza, recognized the possibility of a connexion with 
Walchia or Ullmannia. Florin (21) thinks that the Permian fossil ‘ should 
probably, as far as can be judged at present, be conceived as belonging to 
the Araiicarineae L It is, however, by no means certain that the supposed 
cone-scale is not a winged seed, e.g. a form of the Permian and Carboni- 
ferous Samaropsis ( 8 ). It differs from typical Araucarian scales in the 
emarginate apex and, though this feature is perhaps of no great importance, 
the species cannot be accepted as conclusive evidence of the existence of a 
Permian Araucaria. Zeiller (85, PL VII, Fig. 6 ) also described a foliage-shoot 
from Lower Gondwana (probably Permian) rocks in India as Araucariies 
Oldhami because of a striking resemblance to Araucaria BidwillL The 
specimen was re-examined (71, p. 14 ), and a non-committal name, Morania 
(from the Moran river in India), substituted for Arazicarites on the ground 
that Araucarian affinity is by no means certain : subsequently Moranocladus 
was substituted for Morania (55, p. 7 ). Both these late Palaeozoic species 
— the French and Indian — may be Araucarian, but neither is convincing. 

So far as we know, Triassic rocks have not furnished any convincing 
evidence of the existence of Araucaria in the flora of that period, nor has 
the occurrence of the genus in Rhaetic floras been definitely established. 
A few years ago numerous silicified cones were discovered in the southern 
part of the Argentine (territory of Santa Cruz; Map II, 12 ) which were 
described by Gothan (26) as A. Windhattseni and compared with the 
Queensland A. Bidtvilliii Wieland (84), for reasons which are not stated, 
considered the cone to be intermediate between Pinus and Araucaria, and 
substituted the generic name Proaraucaria. It is unfortunate that the 
geological age of these Argentine cones has not been determined : Wind- 
hausen speaks of them as Middle Triassic, but Gothan thinks that they 
may be much younger. The seed-scales as seen in tangential sections of 
the cone are said to agree with the Colymbea rather than with the Eiitacta 
type : the cone as a whole presents little resemblance to those of the living 
South American species. Gothan thinks that the cones afford evidence of 
the existence at some unknown period of a Colymbean Araucaria difterent 
from the surviving species. Berry (4) described some detached cone- 
scales, which are almost certainly Araucarian, from a more southern Pata- 
gonian locality, as Araucaria sp., and compared them with the Indian 
Jurassic Araucariies cutckensis Feist.: he assigns the beds to a Rhaetic 
age; and Du Toit (75) regards the fossils as indicating Liassic affinities. 
Another record of an Araucarian cone-scale, which may be Rhaetic, is by 
Arber (1), who doubtfully assigns a New Zealand specimen of A. cutckensis 
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to the Rhaetic flora of Mt. Potts ; the provenance is not definitely known. 
The same species occurs in Jurassic beds in New Zealand* 

One of the oldest examples of an Araucarian cone-scale Is the Indian 
species A. macropterus Feist., recently re-described by Sahni (55) : it was 



Map III. Northern Hemispheire, showing regions (larger circles) within which fossil Araucarias 
have been found : the smaller circles mark localities mentioned in the text. I . C T. • Tiirassic 
Cretaceous, Jertiary. j ’ j 


found in the Rajmahal series of the Madras Presidency and in the slightly 
younger Kota stage. It has been suggested that the Rajmahal series may 
include beds of Rhaetic or Upper Triassic age, but Sahni (57) thinks that 
the older estimate of a Jurassic age — not older than Middle Jurassic — is 
piobably correct. It is at least clear that Araucaida w^as widely distri- 
buted in the Jurassic period, particularly in the middle and upper stages. 

' Cone-scales such A Feist. (55) have been found In different 
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parts of India In the Kota and Jabalpur stages; as also in the Lower 
Cretaceous Umia stage in Kach. This species is recorded by Halle (29) 
from the Middle Jurassic flora of Graham Land, and whether or not 
Berry (4) is correct in doubting the specific identity of the Antarctic and 
Indian specimens, there need be no hesitation in accepting Halle’s cone- 
scales as Araucariaii* Many Araucarian cone-scales and cones have been 
described from Jurassic rocks in England (64, 65) ; from the Stonesfield 
Slate (Bathonian), the Inferior Oolite of Yorkshire and elsewhere. Araii- 
carian cone-scales are recorded from Jurassic rocks in France (60) and 
Germany (17), and recently the Abbd Carpentier (9) has described a species 
of Pachyphyllum as agreeing in cuticular characters with living species of 
Araucaria. A Jurassic cone-scale has also been found in Sardinia (38). 
Cone-scales similar to those from Europe and India are recorded from 
Jurassic rocks in Victoria and New South Wales ( 66 , 79, 80); and, as 
already stated, in New Zealand, 

Araucarian cones and cone-scales occur in Lower Cretaceous strata 
(Wealden) of England and France. A species, Araucaria bokemica Vel. 
(77), from higher Cretaceous beds in Bohemia, though possibly Araucarian, 
is not convincing. Foliage-shoots found in a boring through Cretaceous 
rocks in Holland are assigned by Krausel (39) to Araucaria because of a 
resemblance in cuticular structure to A. Bidwillii. An Italian Cretaceous 
form, rashly named A. macrophylla Bozzi (5), is characterized by large flat 
leaves, and, as the author of the species says, it resembles the Colymbea 
section of the genus : it is similar to the North American species Araucarites 
ovatus HolL ; but we know nothing of the structure of the leaves. 

The oldest Araucarian fossil from North America is a species, A. 
wyomingensis’BowX. (81), founded on cone-scales from the Lower Cretaceous 
formation of the Black Hills of Dakota. Another species, Araucaria 
Jeffreyi Berry ( 2 ), represented by cone-scales, is recorded from higher 
Cretaceous beds in North Carolina ; associated with the scales are impres- 
sions of foliage-shoots very similar to those of A. Bidwillii. The flat-leaved 
shoots, though possibly belonging to the tree from which the cone-scales 
were derived, are described as A, blade^iensis (3) ; this species has been 
found in North and South Carolina, in Georgia, and in Alabama in Middle 
and Upper Cretaceous beds ; it closely resembles a French Cretaceous 
form, A. Toucasi Sap. (59, p. 198 , Fig. i^ 7 ), from Cenomanian strata in 
southern France. A similar type of foliage-shoot with rather larger and 
less pointed leaves is A. ovatus (32) from Cretaceous beds in New Jersey. 
Wieland (83) has given a brief and unconvincing description of two Upper 
Cretaceous species from Wyoming and South Dakota which he speaks of 
as two new Araucarias: one is founded on a cone and the other on a piece 
of stem with leaves. They may be Araucarian. The occurrence of 
earia in the early Cretaceous vegetation of Australia (78, 79) is 
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cone-scales (Araucarites A^^beri Walk.) from the Burrum Series of Queens- 
land. A. mesozoica Walk, from the Cretaceous Maryborough Series, 
founded on leaves, is of little value as a record of Araucaria, and the same 
may be said of Araucarites {!) polycarpa Ten. Woods. From Seiionian 
beds in New Zealand Edwards (19) has described a foliage shoot as A. 
Marshalli,\^\ii&i he compares with the American A.ovatus HolL and other 
species : the specimens are, no doubt, correctly regarded as Araucarian. 
He also describes some wood believed to be Araucarian as Dadoxylon 
kaiparense. 

Evidence of the existence of Araucaria in early Tertiary floras of 
Europe is derived from vegetative shoots, some of which have been shown 
to agree in cuticular characters with recent species. The species known 
as Araucarites Goepperti (Sternb.) is represented by good specimens in the 
Eocene beds of Bournemouth (23), also in Lower Tertiary beds in the Island 
of Mull, the Tyrol, France, Switzerland, Italy, Dalmatia, and elsewhere. 
Miss Bandiilska, who made a careful examination of cuticles of the Bourne- 
mouth material, regards A. Goepperti as nearest to Araucaria excelsa. A 
yery similar form of foliage-shoot from Oligocene beds in the Isle of Wight 
has been named by Florin Araucarites Guruardi (50) ; he thinks that the 
flora contained more than one species. The stomata agree very well on 
the whole with those of Araucaria : Florin also describes the cuticular 
structure of the allied and widely spread Araucarites Goepperti as remark- 
ably uniform. Cones and cone-scales, probably Araucarian, and in some 
localities associated with Araucarian foliage-shoots, are described by several 
authors under the generic name Doliosirobus : they are probably Araucarian. 

We are not aware of any satisfactory evidence of the occurrence of 
Araucaria in Tertiary floras of North America. From Tertiary beds, 
probably Oligocene, in the Magellan Straits region, Dus 6 n (15) has de- 
scribed foliage-shoots as a new species,^. Nathorsti, which recalls yf. ovatus 
HolL, a New Jersey form. The same author records another species — also 
founded on leaves — from early Tertiary beds on Seymour Island (16) as 
A. impoftens, resembling A. brasiliensis and A, BidwilliL From Seymour 
Island and Snow Hill Gothan (25) described petrified wood, which may 
well be Araucarian, as Dadoxylon {Araticarioxylon) psetidoparenchymatosum, 
A branch from Macquarie Harbour, Tasmania, figured by Johnston as 
Araucaria imbricatiformis (36, PI. 36 , Fig, i), is similar to the Italian 
species A. macrophylla Bozzi, and, though not improbably Araucarian, 
cannot be accepted as a satisfactory record. 

So far we have given a general review of such fossils as seems to us of 
value as records of Araucarian species, and before we venture to draw any 
conclusions from the evidence it is worth while to draw attention to the 
lack of satisfactory records in certain parts of the world. It is significant 
that there appears to be no convincing evidence of the occurrence of 
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Araucaria in pre- Jurassic, Jurassic, Cretaceous, or Tertiary floras in the 
Arctic regions. The foliage-shoots described by Nathorst (46) from early 
Cretaceous or later Jurassic rocks in Spitsbergen as Elatides curvifolius 
(Dunk), a Wealden and late Jurassic European species, may be Araiicarian, 
but no actual proof has so far been obtained. Some small cone-scales from 
the early Cretaceous flora of western Greenland referred to the genus 
Protodammara ( 68 , PI 10 , Figs. 90 , 94 ), though possibly Araucarian, 
cannot safely be accepted as definite evidence. One cannot help being 
struck by the relative lack of Arctic foliage-shoots and cones suggestive of 
Araucarian affinity in contrast to the wide distribution of other Conifers 
closely related to the existing species of Sequoia^ Abietineae, and other 
families. Cretaceous and Tertiary wood of the Araucarioxylon type occurs 
ill early Cretaceous localities in the Libyan desert. A cone, Conites arau- 
carioides Goth. (27), from Upper Jurassic or Lower Cretaceous of East 
Africa, regarded by Gothan as Araucarian, does not afford convincing 
evidence of affinity. 

We have searched in vain for Araucarian fossils in the accounts of 
fossil floras from Siberia, China, and Japan. Schenk (62) described a 
fragment of foliage-shoot from Jurassic rocks in China as Araucaria 
prodromus^ but the specimen affords no clue to systematic position. From 
the rich Rhaetic flora of Tonkin, Zeiller ( 86 ) described a cone as Trioolepis 
Leclerii^ which he compared with Ctiiminghamia^ and as that genus was 
formerly included in the Araucarineae he regarded the fossil as possibly 
Araucarian : the scales bear three seeds. 

We know very little of the fossil floras of New Caledonia, an island 
which has a strong claim to be regarded as the present headquarters of 
Araucaria. Crid (12) described some wood — Araucarioxylon australe — 
from beds said to be Triassic, but that in itself is of little importance. 

On the map of the northern hemisphere three separate areas are shown 
within which Araucarian remains have been found : from American 
localities only Cretaceous species; from India, Jurassic and Lower Cre- 
taceous; from Europe, Jurassic, Cretaceous, and Tertiary. Plant-bearing 
Jurassic rocks are very poorly represented in North America, and occur 
only in Oregon: on the other hand, there are many rich Tertiary floras, 
and the lack of Araucaria is probably not a result of the imperfection of 
the geological record. There are many localities in Asia where Jurassic 
plants are abundant ; but from none have undoubted Araucarian fossils 
been obtained. It would seem improbable that Araucaria came originally 
from the far north and spread along divergent routes towards the equator : 
one would expect to find traces of its path over Siberia and China and in 
regions more northerly than those shown on the map in America and 
Europe. 
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Phytogeographical and Palaeogeographical Problems* 

Sir Joseph Hooker was driven to the conclusion that the Archipelago 
is a remnant of a much larger land-area which extended near enough to 
South America, either as a continuous continent or a series of island 
stepping-stones, to receive immigrants from P^uegia. Darwin, in the 
Origin of Species h suggested the possibility of seed transport over a wide 
expanse of sea by floating ice ; but this, it is generally agreed, cannot be 
admitted* He believed that there must have existed a Tertiary Antarctic 
continent from which various forms radiated to the southern extremities 
of our present continents. W. R. B. Oliver (48), on the other hand, is 
opposed to the idea of foundered continents — ‘ the easy method by which 
these hypothetical continents can be brought up from the depths of the 
ocean has probably been one cause why the study of geographical dis- 
tribution has made little advance in recent years/ Cockayne (10) and 
Skottsberg both visualize an Antarctic continent as a centre of evolution. 
Sir Arthur Hill (31) is another advocate of an Antarctic origin : he speaks 
of the former existence of an extensive land-area — Antarctica — which 
enjoyed from time to time ^ a temperate or even a subtropical climate 
An extension of Antarctica may be conceded ; but a subtropical climate is 
an assumption much more difficult to defend. In creating climates to suit 
the apparent^ requirements of an extinct flora, such as that which has left 
abundant samples in the Jurassic rocks of Graham Land (29), we are con- 
fronted with meteorological obstacles which almost demand acceptance, in 
some form, of Wegener’s conception of a mobile crust. Raising foundered 
continents from ocean depths may be defended on the ground that in 
the Andes and elsewhere there is abundant evidence of vertical move- 
ment through several thousand feet in the course of the Tertiary period ; 
but the problem is to make the raised continental blocks and bridges 
fit the climatic conditions which seem to be demanded by the relics of 
an earlier vegetation. The former existence of Araucaria (confirmed 
by the fossils described in this paper) in the Archipelago would seem 
to demand either a land-bridge or the adoption of some form of con- 
tinental drift. Whether or not we are disposed to admit the possibility of 
the introduction by natural causes of mosses, ferns, and flowering plants 
across many hundred of miles of ocean by wund, birds, or currents, it is 
inconceivable that Araucaria could by any means have accomplished so 
long an ocean journey. Dr. Guppy (28) states that he never found seeds 
of the Araucarian genus Agatkis in floating drift or on sea beaches ; he 
found that fresh cones sank and seed-scales floated only a few hours. The 
winged seed -scales might be scattered locally by wind ; they are unsuited 
to transport by birds. In this connexion it is worth noting that Professor 
Compton (11), in his accpunt of New Caledonian plants, states that the 
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whole conifer flora is endemic, and he attributes this to the imperfection of 
their means of seed-dispersal. The presence of Araucaria Is evidence of 
climatic conditions more genial than the present. We know that some 
species are tolerant of relatively cold situations; Araucaria ( 70 ) grows at 
a height of 3,000 feet in the forests of Brazil, it overtops other trees on the 
summits of New Caledonian mountains 3,500 feet above sea-level, and 
occurs at altitudes of 6,000 feet and upwards in New Guinea. Araucaria 
araticana MoL A. imbricata Pav.) is said to be cultivated as far north 
as 60^41" in Norway. While it is inconceivable that the genus could exist 
to-day on the Kerguelen Archipelago, no very great change in physical 
conditions need be postulated. Dr. Ridley ( 51 ) considers that the seeds of 
several Kerguelen species could be carried long distances in mud on the 
feet of birds or on their feathers : he quotes the wingless flies of Kerguelen 
and some other sub-antarctic islands, also species of freshwater fish ^ common 
to Kerguelen, New Zealand, Tasmania, and South America as evidence of 
a former continent. There are also certain earthworms and other animals 
which were common to the Archipelago and New Zealand. 

Unless we revert to the pre-Darwinian supposition of multiple centres 
of creation, or stretch beyond reasonable limits our faith in the efficiency of 
dispersal agencies, we cannot believe that the Kerguelen Archipelago and 
other islands in the southern ocean occupied their present positions in 
relation to the continents when they were first colonized by the conifers of 
a former age, or even by the ancestors of the present flowering plants. 

The origin of the present flora, it has been urged, must have been post- 
glacial ( 7 ), that is subsequent to the more extensive glaciation of the 
Archipelago of which there is abundant evidence. It is implied that the 
pre-glacial vegetation was destroyed during the Quaternary Ice Age : 
though possibly some species were unable to endure the severe climate, it 
is unlikely that destruction was complete. Heard Island is now in much 
the same state of glaciation as Kerguelen Land was, and yet several 
vascular plants are able to exist. Recent research in the northern hemi- 
sphere tends to show that most estimates of loss during the last Ice Age 
are excessive. If the flora has received post-glacial additions which are 
not endemic species they must have crossed wide seas from a western or an 
eastern home. Reference has already been made to the possibility of seed- 
dispersal by birds and to the great demands such method of transport 
makes upon our belief in the efficiency of this method for distances of 
1,000 miles and more. We know that wind is a potent factor in the 
dispersal of spores and light fruits and seeds^ — and in this connexion it is 
relevant to quote from Professor Rudmose Brownes paper the occurrence 
of pollen of an Andean Podocarpus in red snow on the south Orkneys— 

^ The supposed freshwater fish (a species of Galaxms) is now known to breed in the sea: see 

06), p. 357- 
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but, so far as we are aware, there are no authentic records of the germina- 
tion of wind-borne seeds which have travelled by ocean routes over distances 
comparable with those required by the remoteness of the Kerguelen 
Archipelago. 

The contribution made by Dr. de la Riie to the botanical history of 
Kerguelen Land recalls a passage in a letter written in 1875 by Darwin to 
Oswald Heer, who had recently described Arctic fossil floras: he wrote— 
‘How I wish that similar collections could be made in the southern hemi- 
sphere, for instance, in Kerguelen’s Land’ (13, VoL II, p. i^4o). This wish 
has been fulfilled, not only through the fossils from Kerguelen Land, but by 
the work of the Swedish Expedition to Graham Land and the discovery of 
Glossopteris on the Antarctic continent (20; see also Map II, B., F., P.). 
Hooker wrote to Oliver ‘perhaps the fossil wood of Kerguelen’s Land may 
be the nucleus of a great light’ (35, VoL 11, p. 203) : one is tempted to 
prophecy that discoveries in the future will enable us with more knowledge 
and less speculation to reconstruct the part played by an Antarctica of 
past ages as a centre of evolution. 

How then, are we to account for the present flora of Kerguelen Land 
and the flora of a pre-glacial age ? There is no evidence of any substantial 
change in area or height above sea-level of the Archipelago since the 
retreat of the ice. It would seem impossible for the sub-antarctic islands 
to be colonized by sea-borne or air-borne seeds unless they were much 
more favourably placed than at present in relation to the sources of supply. 
When we consider Araucaria and other members of the extinct flora the 
case for a lost land-bridge is enormously strengthened. The Kerguelen 
Archipelago must have been part of a continent : whether the parent mass 
lies below the southern ocean, or whether the submarine platform with its 
covering of basalt -sheets is a detached portion which floated away from 
a continental block is a question to which as yet no definite answer can be 
given. Attention may be called to an interesting paper by Brockmann- 
Jerosch (6) on the south polar tree-limit, which deals with questions 
relevant to the flora of Kerguelen and other sub-antarctic islands. 

We are not exclusively concerned with possibilities of plant-dispersal 
and the stocking of areas that are now oceanic islands ; there is also a 
climatic problem. Phytogeography is not only intimately connected with 
geology ; it may receive substantial assistance from geophysics. Improved 
methods of sounding have shown that some parts of the ocean-floor are 
counterparts of mountainous regions of continents rather than submarine 
plains : former isthmian links from continent to continent, as recently sug- 
gested by two American geologists (63), may be imagined with reasonable 
justification, but it is very doubtful if they in themselves will supply 
adequate explanations of climatic conditions necessitated by extinct floras. 
Vertical movements alone are insufficient ; lateral displacement of conti- 
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nents seems to be an almost necessary assumption. It is stated that recent 
soundings reveal contours on the sea-floor comparable with those of con- 
tinents (52) ; and that the South Antillean arc, geologically and geo- 
graphically, shows a mixture of oceanic and continental characters. These 
and other arguments have been advanced against the acceptance of 
Wegener's theory with its ‘ absurd phytogeograph ical consequences which 
du Rietz considers are demonstrated by Diels and other authors whom he 
quotes. Though it may be conceded that the difficulties presented by the 
past and present distribution of plants cannot be satisfactorily disposed 
of by the acceptance of Wegener's theory as he propounded it, this con- 
cession does not preclude belief in some form of continental drift. 

The Wegener hypothesis, despite the serious criticism which it has 
raised, appeals strongly to the imagination. There are other conceptions 
of a drifting sial, such, for example, as the bold hypothesis proposed by 
Gutenberg (40). It is by no means improbable that solutions of some of 
the many problems of Plant Geography — both past and present — will be 
found, not in the raising of foundered continents, but through the accep- 
tance of the mobility of the earth's crust, as a factor not merely imagined 
but substantiated by evidence which, it may be suggested, will eventually 
be provided. 

Summary. 

The discovery by Dr. de la Rile of fossil plants in beds associated 
with the volcanic rocks of the Kerguelen Archipelago afforded an oppor- 
tunity of considering the various problems connected with the botanical 
history of the sub-antarctic islands. A general account is given of the 
geology of the Kerguelen Archipelago based on the work of Dr. de la Riie 
and previous explorers, also of the main features and geographical relation- 
ships of the present flora. 

The fossil plants are described. Their geological age is believed to be 
Tertiary, though it is not considered possible to date them within narrower 
limits. Special attention is paid to the geographical range of present and 
past representatives of the genus Araucaria. 

The paper concludes with a review of phytogeographical and palaeo- 
geographical problems with special reference to the Kerguelen Archipelago. 

Postscript. 

I am greatly indebted to Mr. Stanley Kemp for allowing me to see 
a sketch-chart of soundings taken by Discovery II and sketched in the 
course of her circumpolar cruise. These soundings afford confirmatory 
evidence of a connecting ridge between the Kerguelen Archipelago and 
Kaiser Wilhelm II Land, on which Gaussberg is situated. The Discovery 
soundings had not been plotted when this paper was written. 
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EXPLANATION OF PLATES XIV AND XV. 

Illustrating Professor A. C. Seward and Miss Verona Conway’s paper on ‘ A Phytogeographical 
Problem : Fossil Plants from the Kerguelen Archipelago’. 

PLATE XIV. 

Figs. 2-T 5. E. T, Scott phot. 

Fig. I, A scene in the Kerguelen Archipelago. Dr. de la Riie phot. 

Fig. 2. Araurariies Ruei sp. nov, Nat, size. 

Fig. 3. Aramariles Ruei nov. x i^. 

Fig. 4. Araucariies Ruei sp* nov, x 

Fig. 5. Rlatodadus kerguelensis x 2J. 

Fig. 6. Rilicdes sp. A, x 2 ^. 

Fig. 7. Des^mophyllum sp. x ij. 

Fig. 8, Araucarites Ruei, Nat. size. 

Fig. 9. Araucarites Ruei. x 2. 

Fig. 10. Rkyllites kergueUnsis sp. nov, x if. 

Fig, 1 1. Maiacladus sp. circa, nat, size. 

12. Ricaiyiopkyllum Edwardsi hoy. x if. 

Fig. 13. -Araucarites Ruei (cone-scales), x 3, 

Fig. 14. Araumriies Ruei (cone-scales). Nat. size. 

Fig. 1 5. BkaiylppUyllum sp. B. x 4.. 



Fossil Plants from the Kerguelen Archipelago. 


741 


PLATE XV. 

All figs. E. T. Scott phot. 

Figs. 16, 16 a. Desmiophylium Fig. 16 nat. size. 
Fig, 17. Desmiophyllum x 3. 

Fig. 18. Elatocladiis kergtielmsis, x 2. 

Fig. 18 a. Elatoclmhis kergiielensis. x 25. 

Fig. 19. Dicotylophylhim sp. Nat. size. 

Fig. 20. Araticm'ites Rziei, Nat. size. 

Fig. 31 . Dicotylophylhmi sp. Nat. size. 

Fig. 22. Dicotylophylhim Edwardsu x ij. 

Fig, 23. Muscites Q Dicrmtites aush'alis). x 2|. 
Fig. 24. Dicotylophylhim sp. x 2|. 

Fig. 25. Araucarites RtteL x i\. 

Fig. 26. Desmiophylhwi sp. Nat. size. 

Fig. 27. Part of a 5'oung fern, x 3|. 

Fig. 38. Dicranites mistralis Dix, x 2^. 

Fig. 29. FiliciUs sp. A. x i|. 

Fig. 30. Filicites sp. A. x 2. 

Fig, 31. Filicites sp. B. x 2|. 

Fig. 32. Filicites sp. B. x 2J. 

Fig. 33. Filicites sp. circa, nat. size. 
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I. Introduction. 

S OME investigations into the role of boron in plant growth which were 
the subject of a previous paper (1), gave rise to the suggestion that 
a definite association existed between this element and the absorption or 
utilization of calcium. This conclusion seemed warranted as, judging 
from the dry weight produced, Vida faba plants appeared able to make 
better use of deficient quantities of calcium if boron were also supplied. 
In contrast to what obtained when other nutrient elements were lacking, 
death from a shortage of calcium followed more rapidly in the absence than 
in the presence of boron, and further, symptoms of a deficiency of calcium 
showed a close resemblance to those of a lack of boron in that both affected 
the apical portions of the shoot first, and caused a somewhat similar 
discoloration and withering. Both Reed and Haas (31) and Nightingale 
etaL (25), working with ypung orange trees and tomatoes respectively, also 
describe apical death as characteristic of a shortage of calcium, while 
McMurtrey (22) shows how the effects of a deficiency of calcium and boron 
may be distinguished in the case of tobacco. In the case of a deficiency 
of any of the other essential elements the appropriate symptoms either 
made their first appearance in the lower parts of the plant or were in other 
ways readily distinguished from those due to a deficiency of boron. No 
actual analyses were carried out in these experiments, and it seemed 
desirable to make a further study of this possible calcium -boron association. 
Quantitative estimations were therefore carried out to determine the 
amount of calcium absorbed by the plant at different stages of growth and 
under varying nutritional conditions, both in the presence and absence of 
boron. Water-culture methods were used throughout, as by this means 
the quantity of calcium supplied could be most readily controlled and the 
absorption most accurately measured. 

The hope of obtaining a clearly defined answer to the problem was, 
however, not realized, but results of considerable interest were secured 
which are presented in the following paper. 

A. General Outline of the Experiments. 

A modification of the usual Rothamsted solution^ was used, calcium 

^ KNOj r*o grm. ICHjjPO^ KaH-PO^ 0*27 grm. ' MgSO^-yH^O o»5 grm. CaClg 

as required. FeClg 0*04 grm. Distilled water I, ooq c.c. 
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chloride being substituted for the sulphate so as to obtain more accurate 
measurement of the calcium supplied, and sodium chloride being omitted 
in order to avoid excess chlorine ions. This solution was made up in bulk 
without the addition of the calcium or ferric salts and the culture bottles 
(capacity 600 c.c.) filled. Calcium chloride, of which a standardized stock 
had been prepared, was then added with a pipette as desired, followed by 
a uniform quantity of ferric chloride solution to each bottle. The pH value 
of the solution was 6*3, and no alteration in this figure was obtained when 
the concentration of calcium was reduced. Single plants only were set up 
in each bottle and excellent growth was made considering the comparatively 
late season of the year (September-October or November) at which the 
experiments were carried out. No artificial light was employed. 

Since F, faba had been chiefly grown in the earlier work, the same 
plant and variety (Sutton’s Prolific Longpod) was used in the present 
experiments. The seed was graded by weight, but as such a large number 
of plants was required a somewhat wide range was unavoidable. Care, 
however, was taken to ensure random distribution of the seeds throughout 
the different treatments. 

In the first season (1930) the nutrient solution supplied contained 
52*49 mg. calcium per plant, and special attention was paid to the amount 
of this element absorbed at different stages of growth when the nutrient 
medium was both unchanged or renewed at regular intervals. A parallel 
study of absorption from a pure solution of calcium chloride was carried out 
at the same time. Each of the treatments was repeated with the addition, 
of I p.p.m. boric acid, five or ten plants serving as the unit. The treatments 
may be summarized as follows : 


Treatment. 


Duration. 


(i) Nutrient solution. 

(ii) » » 

(ill) » ,, 

H ». ». 

(v) Calcium chloride solution 
alone 


Renewed weekly after first 2 weeks ^ 
^ 3 jj 

Renewed fortnightly after first 3 weeks 

Unrenewed 

Unrenewed 


9 weeks 
9 s) 

9 ,, 

2-5 » 

4 „ 


In the following year (1931) the influence of the quantity of calcium 
supplied on the amount of calcium absorbed by the plant was the chief 
question studied. The same basal culture solution was used as in the previous 
season, but the calcium chloride content was varied so as to supply one of the 
following amounts of calcium : 


54*365 mg. calcium per plant (afterwards referred to as full quantity) 

27-1825 „ „ „ „ J 

13*59^3 JJ )> 3 J f 3 ? 

fi*7957 V )) j9 i jj 

^ Experience had shown that three weeks was a most satisfactory interval to allow before giving 
the first renewal of solution, but this additional series was included in case appreciable absorption 
of calcium had occurred dining the first fortnight. 
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As before, the whole series was repeated with the addition of i 
boric acid» The plants were carried on for five weeks only, as, except for 
the occasional addition of a trace of ferric chloride, no renewal of the 
solutions was made. 

Growth was rather less vigorous than in the previous year, as the dry- 
weight figures show (Table II), but the plants were entirely healthy and 
had nearly reached the flowering stage at the end of the five weeks’ 
growth. Although direct comparison between the performance of the 
plants in the two seasons cannot be made owing to the inevitable 
differences in external conditions (which would necessarily affect the rates 
of growth and absorption) and also to the slightly larger amount of calcium 
supplied as the ^ full ’ quantity in the second season, yet the results from 
the two-years^ investigations, where repeated, are consistent (Table II), so 
that the additional support is afforded to the accuracy of those other parts 
of the experiment for which no repetition was possible. 

B. Analytical Procedure. 

The used solutions were reserved for analysis every time that plants 
were harvested or were transferred to a fresh bottle of solution for further 
growth. As it was of equal importance that no calcium, whether as solu- 
tion or precipitate, should be left adhering to the plants in either case, the 
roots were rinsed with a a per cent, solution of HCl, followed by distilled 
water and the washings added to the appropriate solution before analysis. 
No apparent damage to later growth resulted from this treatment. Two 
cubic centimetres of concentrated HCI were then added to each bottle 
preparatory to analysis, in order to ensure the complete solution of all the 
calcium present, and to prevent the growth of fungi and algae during the 
interval before the estimations were made. 

As most of the concentrations were too weak to ensure sufficient 
calcium being left in a single bottle for accurate estimation, the solutions 
from two, three, or five plants were bulked before analysis in the case of 
the one-half, one- quarter, and one-eighth doses of calcium respectively, 
triplicate determinations being carried out. Separate estimations, how- 
ever, were made on the solutions from plants receiving the full supply of 
calcium, five replicates being available in this case. 

After evaporation to a convenient volume the calcium was pre- 
cipitated as oxalate and estimated by titration with standard potassium 
permanganate after Chapman’s method (4). With the exception of the 
solution containing the largest concentration of calcium chloride, the high 
proportion of magnesium to calcium offered some difficulty, as magnesium 
oxalate tended to be precipitated at the same time as the calcium salt. 
This trouble was satisfactorily overcome by dissolving the mixture of 
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magnesium and calcium oxalates in hot HCl and repeating the precipitation 
as before, the calcium oxalate then being obtained pure* 

As a further check on the methods employed, estimations were carried 
out on the plant ash to see if the loss of calcium from the nutrient medium 
could be accounted for by that found in the plant itself. The results are 
given in Table L Allowance for the initial calcium content of the seed 
must, of course, be made before comparing the two sets of calcium values. 
The variation between the dry weights of individual seeds was large, so 
that the figure for the calcium content per seed is necessarily a mean value 
only, but taking this into consideration the agreement would seem to be 
satisfactory. 


Table I. 

Comparison between the Calcitim in the Plant Ash and that Lost from the 
Nutrient Solution after Four Weehd Growth. 

(mg. per plant. Average of 5 .) 


Ca Content. Ca Uptake.^ 



Seed. 

Whole plant. “ed. 

As lost from 
solution. 

+ B 

2*0 

i6*7 

147 

i5'i 

No B 

2*0 

9*6 

7*6 

7‘i 


II. Experimental Data. 

A. Calcium Absorbed at Different Stages of Growth 
FROM a Complete Nutrient Solution. 

(a) Boron supplied. 

(i) Actual uptake of calcium. 

In the case of plants whose culture solution was renewed regularly 
every week from the end of the second week, and which, therefore, always 
had access to an ample supply of nutrients, the calcium absorbed increased 
(with a single exception) up to the seventh week, remained approximately 
at the same level for a further seven days and then fell significantly during 
the last, i.e. the ninth week (Fig. i). By this time the plants were well 
grown and in flower, but light conditions were becoming unsuitable for 
vigorous growth, so the experiment was discontinued and data for more 
mature plants are not available. Burd (3), working with barley, records 
a similar decrease in the rate of absorption of nutrients after the ninth week 
of growth, actual loss occurring in the case of calcium. Confirmation of 
the seventh week as the period of maximum calcium absorption under 

^ In the case of the solutions the average is the mean of 5 separate determinations, but tbc 
values for the ash analyses are the means of duplicate determinations on material bulked from, s;plants- 
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these particular experimental conditions was provided by five other plants 
erown simultaneously, whose treatment was identical except for the fact 
that the weekly renewal of their solution was not begun until the third 



Weeks 

Fig. I. Calcium absorbed by Vida faba in successive weeks from a complete nutrient 
solution renewed weekly. 1930. 

instead of the second week. A slight check in the uptake of calcium 
occurred in both sets of plants during the sixth week, and although 
a statistical examination of the figures showed that any actual decrease lies 
within experimental error, yet it is evident that at this period the rate of 
increase in the absorption of calcium was less vigorous than during either 
the preceding or following week. Calcium uptake would, therefore, seem 
to be periodic in nature, as has been generally found by a number of workers 
with other elements and plants (see Lundegirdh (21)). The failure of 
Redfern (30) to obtain evidence for periodicity in uptake is probably to be 
accounted for by the short period (36-84 hours) for which her experiments 
were continued. Fonderis work (8) perhaps offers the closest comparison 
with the present results, as he also used the bean plant. With a variety of 
soil types he found a reduction in percentage of calcium in the shoot at 
budding or fruiting time, which was follow'‘ed by a rise when complete 
maturity was attained. It is, therefore, possible that in the present case 
this final rise was missed owing to the plants being harvested when 
flowering was reached. ; ^ 



749 


Calcium from Nutrient Solutions, 

Where the culture solution was renewed every fortnight, after remaining 
unchanged for the 6rst three weeks, the general course of the curve closely 
resembled that where fresh solution was supplied weekly, viz. the maximum 



0-3rd 3rd-5th 5th-Tth 7th-9th 
Weeks 

Fig. 2. Calcium absorbed by K faba dnring successive growth periods from a complete 
nutrient solution renewed fortnightly. 1930. 

uptake of calcium was reached by the seventh week, and although no 
definite decrease took place during the following two-week period, at least 
no further rise occurred (Fig. al). 

In the case of plants whose solutions were not renewed at all, figures 
are available for the first five weeks only, as the general nutrient deficiency 
which sets in about this date would have inevitably vitiated the results if 
the plants had been grown on longer. In the 1930 unrenewed series a 
steady increase in the quantity of calcium absorbed took place with each 
additional week for which the plants were grown (Fig. 3), and, further, the 
amount taken up per week also increased up to the end of the experiment 
(Table II). When this series was repeated in the following year, a di;op in 
the uptake of calcium occurred during the fifth week, so that it seems ; 
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probable that the figure for the final week in the previous season had been 
a maximum point. In this connexion it is interesting to note that the 
actual amount of calcium absorbed during this probable peak period 



Fig. 3. Calcium absorbed by V, faba during progressively increasing periods of growth from 
a complete nutrient solution not renewed. 1930. 

(jo mg. per plant) was practically identical with that taken up by plants 
receiving weekly renewed solutions during their week of maximum absorp- 
tion (Fig. i)j although in the latter instance the highest point was not 
reached until a fortnight later.' 
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Many factors can account for the more rapid attainment of the peak 
period of absorption by the plants in unrenewed solutions, the most impor- 
tant of which is probably the absence of the disturbing factor of the actual 
renewal itself, especially in the early stages of growth, as will be seen in 
a later section. The greater reduction in the concentration of all nutrients^ 
the increased variation in balance and pH value of the unchanged medium 
compared with that which was frequently renewed, would also account for 
differences in the Quantity of calcium absorbed, and the falling off in 
calcium uptake in the fifth week of the unrenewed series in 1931 is prob- 
ably to be attributed to these or seasonal factors rather than to any 
shortage of calcium itself. In support of this, only ^^5-3 per cent, of the 
total calcium supplied had been taken up by the end of the fourth week 
when the absorption began to decrease, although it is of course possible 
that such factors as are referred to above, increase in alkalinity, changes in 
balance, concentration, &c., might have induced a deficiency of available 
calcium as distinct from total calcium. 

{%) Uptake of calcium per cent, dry matter. 

In order to eliminate the effect of individual variation in size and 
thereby to afford a stricter comparison between the performance of plants 
receiving different treatments, the calcium absorbed has, where possible, 
been reckoned as a percentage of the dry matter produced (Table II), 
Calculated on this basis, the uptake of calcium in the unrenewed series 
followed the same course as the actual calcium absorbed, i.e. increased with 
every additional week of the five-week period for which the plants were 
grown in the 1930 series, no further rise occurring after the fourth week in 
the repetition experiment in the succeeding year. 


Table IL 


Calcium Absorbed from a Complete Nutrient Solution (with Boron) and Dry 
Weight Produced at Different Stages of Growth. 


Avei'age of 5 plants, 

Age 

weeks. 



(Solution not renewed.) 


Actual Ca absorbed. 

Dry 

weight. 

Ca absorbed 

Total. 

Weekly 

increment. 

per cent, dry 
weight. 


mg. 


grm. 

2*2 

2*2 

1*43 

0*154 

8.3 

6*1 

2*09 

0*397 

I5-I 

6*8 

3-iS 

0*479 

25*1 

10*0 

4-35 

0*577 

2*2 

2-2 

I-IS 

0-188 

6'2 

4-0 

1.57 

0*395 

13-8 

7-6 

2*42 

0 ‘S 7 b 

I 7 -I 

3'3 

i*39 



3 I) 
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Figures for more mature plants are afforded by the series whose solu- 
tions were renewed fortnightly or weekly. In the former case, the calcium 
absorbed per cent, of dry weight produced during the sixth to ninth 
weeks showed a considerable advance on that taken up by the same plants 
during the previous five- week period (Table III), The results from the 
weekly renewed series (Table IV), on the other hand, are at first sight 
contradictory, as the calcium absorbed per cent, of dry weight after nine 
weeks is very little, if at all, larger than that absorbed in the first five weeks 
by plants in either unrenewed or fortnightly renewed solutions (Tables II 
and III). Closer inspection, however, reveals the fact that the average 
value for the complete nine weeks in the fortnightly renewed series is 
practically identical with that in the weekly renewed set during the same 
period, showing that the fluctuation in uptake had been lost sight of when 
the final value only was available. Intermediate figures, however, were 
unable to be obtained as it was impossible to determine dry weights at 
successive stages when identical plants were under observation for a series 
of weeks. 


Table III. 


Calcium Absorbed from a Complete Nutrient Solution and Dry Matter 
Produced at Different Stages of Growth, 

Average of 5 plants. (Solutions renewed fortnightly.) 



Total Ca 
absorbed. 

Dry 

weight. 

Ca absorbed 
per cent, dry 
weight. 

Average. 


mg. 

grm. 



ist-sth week 

I7'8 

4-36 

0*408 

00 

6 

6th~9th week 

33*1 

4-36 

0*759 

lst-5th week 

10*1 

2*80 

0.396 

( 0-379 

6th-“9th week 

5-5 

1*39 

0-396 


Table IV. 




Calcium Absorbed from a Complete Nutrient Solution and Dry Matter 
Produced after Nine Weeks* Growth, 


Average of 10 plants. 


(Solutions renewed weekly.) 


+ B 
No B 


Total Ca 
absorbed. 


mg. 


Dry 

weight, 

grm. 


Ca absorbed 
per cent dry 
weight. 


54*83 9‘22 0*588 

26*65 4*84 0*548 


(b) No boron, 

if) Actual uptake of calcium. 

A lack of boroB brought about distinct differences in the ijiptake of 
calcium. lO' the75rst,pi^ce the amount of calcium' absorbed increased with 
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age up to the fourth or fifth week only, irrespective of the frequency with 
which the culture solution was renewed, and further, the actual quantity 
absorbed each week was smaller and the rate of increase in the uptake 
slower than in the case of plants supplied with boron (Figs, i, and 3 and 
Table V). Where it was possible to grow the cultures on for nine weeks 
(weekly and fortnightly renewed series) the quantity of calcium taken up 
steadily decreased after the fourth or fifth week until the end of the 
experiment. 

Table V. 

Calcium Adsorbed from a Complete Nutrient Solution ^without Boron) and 
Dry Weight Produced at Diffei^ent Stages of Growth, 


Average of 5 plants. 



(Solution not renewed.) 


Age 

weeks. 

Actual Ca absorbed. 

Dry 

weight. 

Ca absorbed 


Total. 

Weekly 

increment. 

per cent, dry 
weight. 




mg. 


grm. 


r 2 

2*6 

2*6 

1*45 

0*179 

1930 i 

1 

1 3 

S-i 

2-5 

1*74 

0*293 

4 

7*1 

2*0 

2*39 

0*297 

1 

1 5 

6*6 

- 1-5 

2*42 

0*273 

1 

f 2 

2*2 

2*2 

1*19 

0*193 

1931 1 

3 

3*5 

1*3 

1-33 

0*263 

4 

5 ‘S 

2*0 

1*76 

0*313 


t s 

6*0 

0*5 

2*02 

0*297 


The time at which any significant difference appeared between the 
calcium absorbed by plants grown with or without boron depended, as will 
be seen in a later section, on the frequency with which the culture solution 
was renewed. 

(2,) Uptake of calcium per cent, dry matten 

If the calcium taken up is reckoned as a percentage of the dry matter, 
a stricter comparison is possible with the results produced from plants 
grown with boron already described. On this basis the absorption from 
unrenewed solutions without boron is seen to increase until the third or 
fourth week only, i.e. as far as the 1930 experiment was concerned the 
maximum tended to be reached somewhat earlier and was significantly 
lower than where boron was supplied, or, in other words, a lack of boron 
affected the uptake of calcium more seriously than the production of dry 
matter (cf. Tables II and V). 

As regards older plants, Table III shows that with solutions renewed 
fortnightly the calcium absorbed per cent, of dry matter produced was 
approximately the same dming the sixth to ninth week, as it had been 
during the previous five-week period, in contrast to that which obtained|with 
the boron-treated set. A lack of boron, therefore, had its greatest inflti^ite 
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during the latter part of the growth period when it depressed the uptake 
of calcium more than the production of dry weight. The final value after 
nine weeks' growth, for the plants with solutions renewed weekly, appears 
entirely anomalous (Table IV), as it was considerably larger than that 
obtained in the first five-week period for the other plants grown without 
boron (Tables III and V), and in consequence is apparently contradictory 
to the findings of Table IV, where no increase w^as obtained after the fifth 
week of growth. The explanation probably lies in the fact that the rate 
of renewal of the solution has an important bearing on the quantity of 
calcium absorbed, particularly in the case of plants grown without boron. 

B» Calcium Absorbed from a Solution of Calcium 
Chloride only. 

In order to study the uptake of calcium in the simplest manner 
possible, and previous experience having shown that healthy growth could 
be maintained for a limited period under such conditions, ten plants were 
set up ill a pure solution of calcium chloride, each receiving the same 
amount of calcium per plant (5i^*49 mg.) as the series in the complete 
nutrient medium had done. As before, one half of the plants were given 
I p.p.m. boric acid in addition. 

(a) Boron supplied. 

The quantity of calcium absorbed was considerable, the amount taken 
up after four weeks closely resembling that removed by the more actively 
growing plants in complete nutrients during a three-week period. The dry 
weight laid down by the latter in this time, however, w^as distinctly larger, 
so that the relative absorbing capacity of the plants in the pure solution 
was the greater (Table VI). 

(b) No boron. 

The rapidity with which the symptoms of boron deficiency appeared 
was striking, the inhibitory effect on root growth being particularly well 
marked. The earliness with which dying set in was reflected in the very 
small quantity of calcium absorbed, the difference between the uptake of 
plants grown with and without boron being much more marked in the set 
ill the pure calcium chloride solution than in those plants grown in the 
complete nutrient medium. An illustration of this is given in Table VL 
If, for example, the stage at which the plants with boron had each absorbed 
approximately 8 mg. calcium is taken as a standard, it will be seen that 
during the same interval the set in the pure solution, without boron, had 
taken up only 2^-39 mg., whereas given full nutrients the corresponding 
; uptake in the absence of, boron was 5*11 mg., or rather, more than twice the 
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same amount absorbed from the single salt solution. Indeed, comparison 
has to be made between plants with one week difference in age In the 
complete nutrients, in order to get as marked a distinction between those 
grown with and without boron. The fact that the absorption of 8 mg, was 
effected during a slightly different period under the two different nutrient 
conditions does not alter the question. The calcium absorbed from the 
pure solution per cent of dry weight laid down was also much reduced 
in the absence of boron, so that a lack of this element was clearly exerting 
a greater inhibitory influence on calcium absorption than on dry matter 
production. The reduction in the root surface, however, may partly 
account for this, as the short, thick roots characteristic of the plants grown 
without boron would possess a smaller surface-absorbing area than the 
finely divided root system of the normal plant, and dry-weight figures 
would not give any indication of such differences. 


Table VI. 

Comparison beizveen the Uptake of Calcium from a Solution of Calcium 
Chloride and a Complete Nutrient Medium^ the Calcium Supplied 


being Identical. 



Age 

Total Ca 


weeks. 

absorbed. 



mg. 

4- B 

4 

8-48 

No B 

4 

2-39 

+ B 

3 

8-26 

No B 

3 

5-II 

No B 

2 

2*87 


Dry 

weight. 

Uptake Ca 
per cent, dry 
weight. 

grm. 



1*37 

0 ‘ 6 i ; 

1 Calcium chloride 

I-I7 

0*20 * 

j solution only. 

2-09 

0*391 

- Complete nutrients. 

1-74 

0-29 

1-45 

0-20 J 



The calcium absorbed per cent, of dry weight produced was, there- 
fore, reduced by the presence of other nutrients where boron was supplied. 
At the same time the appearance of the deficiency symptoms was delayed 
if it were withheld, so that some association between boron and calcium is 
suggested. 


C. Effect of the Frequency of Renewal of the Nutrient 
Solution on the Quantity of Calcium Absorbed* 

(a) Boron supplied. 

As is evident from Table VII, the total amount of calcium absorbed 
over a nine-week period in the presence of boron was practically identical 
whether the solution was renewed at weekly or fortnightly intervals. 
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Table VII. 

Effect of Frequency of Renewal of Nutrmit Solution on the Adsorption 
; of Calcium over a Nine-week Period, 

Average of 5 plants. With B. No B. 

Ca absorbed (mg. per plant). 
Renewal. Renewal. 


Period (weeks). 

Weekly.^ 

Fortnightly.^ 

Weekly.^ 

Fortnightly." 

0-3 

4*3 

8*3 

37 

s-i 

3-5 

12*4 

9-5 

8-7 

5*0 

5-7 

17*9 

167 

8-2 

2-8 

7-9 

167 

16-4 

5*7 

2*7 

Total 

51*3 

50*9 

26-3 

15-6 

Final dry weight per plant (grm.) 

8-82 

872 

5-12 

4*19 

Ca absorbed per cent, dry weight 

0-582 

0-584 

0*513 

0*373 

Per cent, absorption of Ca supplied 

12*2 

24-2 

6*3 

7*4 


The final dry weights of the two sets of plants were also identical, so 
that the calcium absorbed per cent, of dry matter produced was similar in 
the two cases. Only in the percentage of the calcium supplied that was 
taken up by the plants was any significant difference in the two treatments 
noticeable. A more detailed investigation, however, shows that a change 
of solution at an early stage, such as the second week, resulted in a temporary 
check in calcium absorption, for the plants which remained in their original 
medium for the first three weeks took up approximately double the quantity 
of calcium in that period compared with those which were given a fresh 
supply at the end of the second week. It was thought possible that this check 
might have been partly due to the fact that such young roots were rinsed 
in a per cent, solution of HCl before being transferred to the fresh supply 
of solution, but as the same effect occurred to an even more marked degree 
when comparison was made between older plants and those grown entirely 
in unrenewed solution, the change itself was probably the important factor. 

The unrenewed series, on the other hand, showed a much greater 
calcium absorption during the first five weeks of growth than either the 
weekly or fortnightly series (Table VIII). Since the dry weight laid down 
per plant during this period was identical in the fortnightly and unrenewed 
sets (the figure for the weekly changed series is not available), it is evident 
that the plants receiving the less frequent supply of nutrients were the 
more active in calcium absorption. 

Five weeks’ growth may seem a somewhat short interval from which 
to deduce such results, but as the flowering stage had already been reached, 
a phase of rapid growth is included in this period. 

’A After the first two weeks. 


® After, the first three weeks. 
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Table VIIL 

Effect of Freqtmtcy of Renewal of Nutrient Sohition on the Absorption 
of Calcmm over a Five-zoeek Period. 


Solution 

renewed. 

No. of 
renewals. 

Total Ca 


Ca absorbed 

Percent, of 

absorbed 
per plant. 

Dry weight. 

per cent, dry 
weight. 

supplied Ca 
absorbed. 



mg. 

grm. 



Weekly- 

4 

167 

not 

not 

8*0 



determined 

determined 


Fortnightly 

2 

17-8 

4-36 

0*408 

17-0 

Not renewed 

I 

25*1 

4 - 3 S 

0*577 

47 *S 

Weekly 

4 

I2‘4 

not 

not 

5.9 



determined 

determined 

Fortnightly 

2 

10- 1 

2*80 

0-361 

9-6 

Not renewed 

I 

6-6 

2*42 

0*273 

12-6 


(b) No boroft. 

In the absence of boron entirely different results were obtained, and 
before attempting any explanation for this, some reference to the general 
behaviour of the broad bean plant grown under boron-deficiency conditions 
must be made. Owing to the considerable quantity of this element stored 
in the seed, as much as three weeks may elapse before any symptoms of 
a deficiency appear to the eye. The cotyledons were not removed from 
the plant in these experiments as the check to growth is so severe. Further, 
the time of the appearance of the deficiency symptoms and the rate of 
their progress depends on external conditions, of which the frequency of 
the renewal of the solutions and light (which has been the subject of a 
previous paper (35)) are the most important factors. The former only will 
be dealt with in the present instance. It has often been observed that if 
the nutrient solution is renewed frequently, a delay in the development of 
boron-deficiency symptoms generally occurs^ the extreme cases being 
where plants are grown in *drip’ cultures (1) or in unchanged solutions. 
The reason for this is not quite understood unless it implies the unconscious 
introduction of a source of boron at each renewal of solution, but for the 
moment the facts will have to be accepted and allowance made for them 
in interpreting the results under consideration. 

None of the plants grown without boron absorbed as much calcium 
as those supplied with it, and a further contrast in behaviour was found in 
that the total quantity of calcium absorbed during the nine weeks of growth 
was considerably lower in the series where solutions were renewed fort** 
nightly, than in that where fresh nutrients were supplied every week, the 
reduction occurring chiefly during the latter part of this period (Table VII)* 

The amount of dry weight laid down during this time, however, was 
only slightly smaller in the fortnightly than in the weekly rtsoey^ed series, 
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with the result that the uptake of calcium per cent, of dry matter was 
significantly greater in the plants which received a fresh supply of solution 
every week. Explanation for this is afforded by the behaviour of the 
plants grown ivithout boron just described, for those dying the more rapidly 
from a lack of boron (i.e. the fortnightly renewed set) would be expected 
to show a greater reduction in calcium absorption than in dry matter pro- 
duction as the former process is the more seriously affected by a lack of 
boron, and further, to show any such differences from the weekly renewed 
series most clearly when a lack of boron had become really acute, i.e. in 
the later stages of growth. 

A check in calcium uptake was induced by a renewal of the solution 
at the end of the second ^veek of growth, similar to that described for plants 
supplied with boron, but as at this early stage no deficiency symptoms had 
yet appeared, it is not surprising that the behaviour of the two sets of plants 
was identical. 

In the case of the unrenewed series data are available for the first five 
weeks only. Here definitely less calcium was absorbed than where the 
cultures were renewed, in contrast to the increase that obtained in the 
corresponding set of plants grown with boron (Table VIII). It is, therefore, 
evident that even during the first five weeks of growth, the presence of 
boron is an important factor, and that an increased rate in the development 
of deficiency symptoms in its absence is definitely correlated with a reduc- 
tion in the frequency of the supply of nutrients, and is also reflected in an 
early falling off in the amount of calcium absorbed by the plant. 

In a similar manner, the uptake of calcium per cent, dry weight pro- 
duced was affected by the frequency of the renewal of the solution and by 
the presence or absence of boron, being reduced where boron was not sup- 
plied and still further reduced if the solutions were not renewed and the 
effect of a lack of boron thereby enhanced. 

D. Effect of the Concentration of Calcium Supplied on 
THE Quantity of Calcium Absorbed. 

(a) Boron supplied. 

This aspect of the problem was studied in unrenewed solutions only, 
and the cultures were in consequence not carried *bn for longer than five 
weeks. The quantities of calcium tested were 54*365 mg. calcium per 
plant (given as calcium chloride), and one-half, one-fourth, and one-eighth 
of this amount, a range which previous experience with the Rothamsted 
nutrient solution had shown included both ample and deficient supplies of 
this element. 

Analyses were made weekly, beginning at the end of the second week, 
as the quantity of calcium absorbed before that time was so small as to lie 
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within the experimental error. From the second to the fifth week both 
the actual uptake of calcium (Fig. 4) and the uptake per cent, of dry 
matter were found to be almost directly proportional to the quantity of 
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Fig. 4. Relation between calcium absorption, potassium and nitrogen content, dry matter 
production and the quantity of calcium supplied to V, ^aba for plants of different ages. Solutions 
not renewed. 1931. 


calcium supplied, the coui'se of the curves approximating to a straight 
line in each case. Many other workers, such as Ginsburg and Shive (11), 
Newton (24), and Philipson (28), have also found this direct relationship to 
hold with plants grown in solution cultures, while Fonder (8), Holtz (14), 
Shedd (34), and others report the same experience with plants in soil. 
Waynick’s (36) and Gile and Ageton’s (10) work, however, with solution 
and soil cultures respectively, shows that this direct relationship does not 
pniversally obtain. , '/'y 

The actual absorption also progressed in proportion to the age of the 
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plant (Fig. 5), which confirms the findings of the previous season and 
extends the results to smaller concentrations of calcium. By calculation it 
is evident that with the exception of the half dose, the period of maximum 



0-2 0-3 0-4- 0-5 0-2 0-3 0-4 0-5 

Weeks weeks 

Full Ca = 54-37 mg. per plant ■ 

Fig, 5, Relation between calcium absorption, dry matter production, and the age of V, faha 
when supplied with different amounts of calcium. Solution not renewed. 1931. 

absorption tended to lie in the fourth week, though no marked maxima 
occurred except where full calcium was given (Table IX), The reason for 
the exceptional behaviour in the plants receiving the half dose of calcium 
is not apparent. 

Little variation was shown in the percentage of the calcium provided 
that was taken up by the plant in each case, except where the highest 
quantity of calcium was supplied. Here the percentage utilized was lower 
than in all other cases, which suggests that the calcium provided was in 
excess of that required (Table X), This view receives support from Day (6) 
who contends that calcium is commonly given in too high concentration 
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in nutrient solutions, and from Larson (17) and Hartmann and Powers (13) 
who found that calcium was most economically utilized when supplied at 
a concentration of 31 ^ p.p.m., a value not far from that of the half dose of 
calcium chloride given here. 


Table IX. 


Progress of Calcium Absorption from Nutrient Solutions Cofitaining 
Different Amounts of Calcium. 

Solution not Re7tewed. 


Treatment. 


/Full Ca 


With 


/Full Ca 


No BU 


Calcium absorbed per plant per Week, (mg.) 


1st. & 2nd. 

3rd. 

4tli. 

5th. 

Total. 

2-2 

4-0 

7*6 

3-3 

17*1 

1-2 

4-5 

1-8 

4*4 

11*9 

0-9 

17 

2-1 

2*0 

67 

0-3 

0*9 

1*0 

0*8 

3.0 

2-2 

1-3 

2*0 

0*5 

6*0 

1-2 

2*1 

0*3 

0*6 

4*2 

0-6 

I*I 

07 

-0*2^ 

2*2 

0-2 

0*6 

0*2 

0*0 

1*0 


Table X. 


Relationship between the Qiia^itity of Calcium Supplied and Absorbed 
in Five Weeks. 

With boron. No boron. 

Calcium absorbed. Calcium absorbed. 


Total Ca supplied. 

Actual. 

Percentage. 

Actual. 

Percentage, 

mg. 

mg. 


mg. - 


54-37 

I7-I 

31-5 

6-0 

II-O 

27-18 

II-9 

43*S 

4-2 

iS-5 

13*59 

6-7 

49*3 

2-2 

i6*2 

6-8o 

3*0 

44-1 

1*0 

14-7 


Although the uptake of calcium bore a definite relationship to the 
quantity of calcium provided even from the second week of growth, the 
dry weight laid down did not show any such close association, but remained 
unaffected until the fifth week when the two smaller doses exerted a slightly 
depressing influence on yield (Fig. 4). It will be seen in a later section 
that the dry weight showed a closer correlation with the nitrogen than with 
the calcium content of the plant, which indicates the greater importance of 
the former element for dry matter production. 

(b) No boron. 

In the absence of boron the quantity of calcium absorbed throughout 
the five weeks’ growth was approximately propoilional to that supplied 
whether the uptake was reckoned as actual calcium (Fig, 6) or as calcium 

^ Negative quantity accounted for since the figure is the difference between the ineaB$ valn^ of 
two sets of plants which inevitably showed individual variation. 
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per cent* of dry matter produced. In this respect the results were similar 
to those where boron was supplied. The quantities absorbed, however, 
were very much lower than in the presence of boron except at the first 



Fig. 6 . Relation between calcium absorption, potassium and nitrogen content, dry matter 
production and the quantity of calcium supplied to V, faba for plants of different ages. Solutions 
not renewed. 193^. 


analysis which was made before a deficiency of this element had arisen. 
The uptake slowly increased with every additional week for which the 
plants were grown where the two larger doses of calcium were supplied, 
but reached a maximum at the end of the fourth week, when only the 
smaller quantity of calcium was given. Except in the case of the highest 
concentration of calcium, the maximum absorption tended to occur during 
the third week, that is, a week earlier than where boron was supplied 
(Table IX). Although the differences between the figures are small, so 
that deduction from them must be made with caution, yet it is suggestive 
that dying from a lack of boron began to occur earlier under conditions of 
deficient calcium, a fact which had already been observed in previous 
experiments, and to which reference has been made above. 

The quantity of calcium presented had little influence on the percentage 
that the plants absorbed, but the uptake in every case was much reduced 
by a lack of boron, being approximately only one-third of that which 
obtained where boron was also supplied (Table X). 
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E- Confirmatory Data Obtained with the Use of 
Spectrographic Methods of Analysis. 

During the period September to December, igizS, the opportunity 
arose of studying spectrographic methods of analysis under Professor 
Lundegirdh at Experimeotalfaltet, Stockholm ; the problem selected* for 
investigation there was similar to that with which the present paper is 
concerned. Full description of the apparatus and methods have been 
published (20), (21), so that it suffices to state that the calcium analyses 
were carried out by means of flame-spectra of solutions in which the plants 
had been grown, after ensuring that all the calcium present was in the 
soluble form, i.e. as chloride. Phaseolus muUiflortis (Blomsterbona tva- 
fargade) was used as the experimental plant, and the basal culture solution 
was that employed in the present case, but the quantity of calcium supplied, 
though varied, was in general rather lower than in the experiments just 
described. Owing to the comparatively short time available and the late 
season of the year, no very conclusive results were obtained, although the 
use of artificial light and heating as the winter set in made it possible to 
obtain quite vigorous growth. Some brief reference to the results may, 
however, be of interest, for where they supply confirmatory evidence for 
those just described above, obtained by chemical methods of analysis, their 
value is considerably enhanced. In the first place both Vida faba and 
P, muUiflortis showed a close agreement in the very large quantity of 
calcium that they were able to absorb from solutions containing an 
adequate supply of that element. Whereas, in the presence of boron, 
Vida plants pi'ovided with 52*49 mg. calcium per plant per change of 
solution absorbed on an average 40*41 mg. during fifty-three days, 
Phaseolus^ similarly supplied with 36^*58 mg. calcium, took up 35-08 mg. 
per plant in the same interval. In the absence of boron, the figures 
were 22-55 30-10 mg. per plant for Vida and Phaseolus respectively, 

but as the boron deficiency symptoms developed rather more slowly 
ill the latter species, a greater uptake was to be expected, A directly 
proportional relation was found between the quantity of calcium supplied 
and absorbed, which also confirms the results just described. Over a fifty- 
three-day period in the presence of boron the uptake of calcium per cent, 
of dry matter produced was 1*96 and 0-220 where the full quantity and 
one-tenth of it were supplied respectively. The corresponding figures for 
the plants grown without boron were i-86 and o-i88, again showing the 
tendency for the uptake of calcium to be increased in the presence of boron. 

F. Comparison between the Nitrogen, Potassium, and Calcium 
Content at Different Stages of Growth. 

In order to avoid the danger of assuming too close an asSQciation 
between the absorption of calcium and the presence of borpn in the 
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solution, a parallel study was made of the uptake of nitrogen and potassium 
by the same plants. By this means it was hoped to gain a clearer under- 
standing as to whether the reduction in the calcium taken up by the plants 
grown without boron was merely the result of a general decrease in absorb- 
ing capacity, or whether it indicated a special association between boron 
and the amount of calcium that the plant could absorb, 

(a) Nitrogen, 

The question of a possible relationship between calcium and nitrogen 
in nutrition has received attention from several investigators. Gile and 
Ageton (10) in field experiments found no change in nitrogen content of 
the crop when the soil was limed, and, similarly, neither Giiisburg and 
Shive(ll) nor Philipson (28), using water-culture methods record any close 
association between the calcium supplied and the nitrogen absorbed. 
Newton (24) studied the question from the reverse point of view, but came 
to similar conclusions, as peas grown with an increased nitrogen supply did 
not show a correspondingly higher calcium content, although their nitrogen 
content was raised. Parker and Truog(26), on the other hand, consider 
that a definite relationship between the two elements does exist and 
Lipman and Blair (18) found an increased nitrogen content in soy bean 
where lime had been applied. Further, Nightingale et al. (25) working 
with the tomato, showed that an absence of calcium from the nutrient 
medium inhibited the uptake of nitrogen, and also that the nitrogen that was 
absorbed remained unelaborated as the deficiency of calcium had resulted 
in a lack of the necessary reducase. Jacobson and Swanback (15) claim 
that the form in which the nitrogen is presented influences the uptake of 
calcium, a higher percentage of calcium being found in plants grown with 
nitrogen in the form of nitrate than where it is given as ammonia. 

The principal question in the present experiments, however, was to 
determine if there were any difference in the relation between the calcium 
and nitrogen absorbed by plants grown with and without boron. 

The nitrogen estimations ^ were made by the Kjeldahl method on the 
dried plant material, and not determined from analysis of the nutrient 
solution as in the case of calcium. In order to obtain comparable values 
of the calcium and nitrogen estimations, one of two courses was open, 
(a) to subtract the initial nitrogen content of the seed from that found in 
the plant so as to give the nitrogen in terms of uptake or, (/3) to add the 
initial calcium content of the seed to that absorbed to give the calcium in 
terms of content. The latter is clearly the more accurate method, as the 
seed contained so much less calcium than nitrogen (i»8 or mg. calcium 
as against 60 or 70 mg, nitrogen per seed), and all the figures quoted 
have been obtained in this manner, 

/ ^ Carried oat by the Chemical Department of the Rothamsted Experimental Station. 
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(i) Boron stipplied. 

A very marked decrease in N/Ca ratio occurred as the plant developed. 
After nine weeks' growth the ratio had fallen to approximately one-seventh 
of that originally found in the seed (Table XI), and the values for the 
successive stages of growth in plants up to the age of five weeks (Table XII), 
show the same course of events provided the calcium supply was adequate. 

Table XL 

Actual Calcium and Niirogeiz Coniezit of Vicia faba Seed Compared with 
that of Plants in Flower Growft in a Complete Nutrient Solution 
Rezieived Weekly, 



Ca. 

N. 

N/Ca. 


mg. per plant. 


Seed 

2*0 

71-8 

3 S -9 


53*5 

28*25 

293-0 

I 73'0 

5- 48 

6- 12 


The figures for the nine- and five- week-old plants (Tables XI and XII 
respectively) are, however, not strictly comparable, as in the former case 
the solutions were renewed weekly and the supply of calcium or nitrogen 
was far in excess of the plants' needs, whereas in the latter instance growth 
was in unrenewed solutions and the plants were probably subjected to some 
limitation in nitrogen supply, though no actual chlorosis appeared (Table 
XIII). The drop in N/Ca ratio in the latter instance, therefore, would tend 
to be exaggerated, but the closely parallel figures obtained in the succeeding 
year where no shortage of nitrogen occurred {%o per cent, nitrogen still 
unabsorbed after five weeks) suggests that the values as given were probably 
but little affected by any limitation of food supplies. 

Where the supply of calcium was extremely deficient, however, the 
fall in the N/Ca ratio with age was but small, since, although the calcium 
uptake was at a very much lower level throughout than where the full 
supply of calcium was given, the nitrogen absorption was only slightly 
reduced (Table XII). In fact, no correlation was found between the 
quantity of calcium supplied and the nitrogen content of the plant, as 
Figs. 4 and 8 show in the case of the four-week-old plants for actual and 
percentage figures respectively. The nitrogen content, however, corre- 
sponded closely with the dry weight production irrespective of the amount 
of calcium supplied, the correlation, with a single exception, being signi- 
ficant throughout the five weeks' growth. The drop in nitrogen content 
with the half-dose of calcium is probably partly to be accounted for by 
individual variation, but it will be noticed that it is also accompanied by a 
slight fall in dry weight and potash content. 
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Table XIII. 


Comparison between the Calcium and Nitrogen Supplied and Absorbed 
under Different Conditions of Ntitrition. ig}0. 


Solutions Age 

renewed. weeks. 

With Boron {Weekly^^^^ 9 

No Boron j^ot^Lwed 5 

Solutions Age 

Renewed. weeks. 

With B.™.( I 

No Boreo j Not'S=.od | 

(2) No boron. 


Total Ca per plant. 

% Ca used. 


Supplied. 

Absorbed. 

mg. 


419-92 

5^*3 

12*2 

52-49 

25*1 

47*8 

419-92 

26-3 

6*3 

52-49 

6-6 

12-6 

Total N per plant. 




^ , 

% N used. 

Supplied. 

Absorbed.^ 

mg. 

665-6 

I 2 I -2 

lS ’2 

83-2 

747 

89-8 

665-6 

102*2 

15-4 

83-2 

20-1 

24*2 


In the absence of boron a similar fall in the N/Ca ratio occurred as 
the plant developed from the seed (Table XI), but the decrease was slightly 
less than where boron was supplied. The tendency for the ratio to be 
higher is also noticed in the case of the unrenewed series, where a lack of 
boron exerted a maximum effect (cf. Tables XII and XIV). No question 
of any shortage of calcium or nitrogen supply arose here, for as will be 
seen from Table XIII, only a small proportion of the calcium and nitrogen 
presented had been taken up by the plant. Under conditions where a 
shortage of calcium obtained, both the nitrogen and calcium contents 
failed to rise further after the third week of growth, but as in the case of 
plants supplied with boron, the nitrogen uptake was much less reduced by 
a shortage of calcium than was the calcium absorption, so that the N/Ca 
ratio was throughout considerably higher than in the plants grown in the 
complete nutrient solution (Table XIV). The depressing effect of an 
absence of boron was, further, more marked on the calcium than on the 
nitrogen uptake, with the result that N/Ca ratio tended to be higher in the set 
without than with boron, though this was not so clearly defined as where 
the calcium supply was adequate. The nitrogen content showed no corre- 
lation with the quantity of calcium provided (Figs. 6 and 8), and although 
growth was so poor in the boron-starved plants that a statistically significant 
association between the nitrogen content and the dry matter production 
could not be obtained, yet the results suggested that this held very much 
in the same way as for the plants supplied with boron. 

^ Figure obtained by subtracting original nitrogen content of seed from nitrogen found in Rlnnt. 

3 ^ - 



Table XIV. Calcium^ Nitrogen^ and Potassium Content of Plants of Different Ages Supplied with Complete and 

Deficient Calcium. No Boron. 

(Solution not renewed.) 
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(b) Potassium. 

Considerable discussion has arisen with regard to the relation between 
the potassium and calcium nutrition of the plant. Ehrenberg (7), Fonder (9)j 



0-2 0-3 0'4 0-5 0-2 0-3, 0-4 0-5 

wecKs Weeks 

Full Ca* 54*37 mg per plant 

Fig, 7. Relation between calcium absorption, dry matter production, and the age of V, faba 
when supplied with different amounts of calcium. Solutions not renewed. 1931, 

Lipman, Blair, and Prince (19), Sewell and Latshaw (33), and Lagatu and 
Maume (16) found a reduction in the quantity of potassium absorbed when 
large amounts of calcium were present in the soil, while Reed and Haas (32), 
and Newton (24), working with culture solutions, have recorded a similar 
inverse relationship between the two elements, the potassium content of 
the plant increasing if the supply of calcium was deficient Gile and 
Ageton (10), and Pfeiffer and Rippel (27), on the other hand, did not find 
any inverse relationship to hold, and Plummer (29) even obtained an 
increase in potassium removed by soy beans when the soil was limed* 
This, however, he considered due to improved soil conditions rather than 
to any direct influence of the lime on the potash uptake. Colby (5) also 
failed to obtain any increase in potassium content in plants grown with 
very depleted supplies of calcium, a result he attributed to the fact that 
such large amounts of potassium were already present in the plant that 
a further rise could hardly be expected* This suggestion may well reconcile 
the apparently conflicting results referred to above. 

In view of the interest attached to the potassium-calcium ratio, some 
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potassium estimations were carried out on the ash of plants in the course 
of the present work, four- week-old plants grown in unrenewed solutions 
being selected as likely to give the best-defined results* The cobaltinitrite 

/^of<orN 
8 


S 


4 


2 


PulICa 1/2 14 Vs Fulica^ 14 14 14 

Where Full Ca = 54-37 mg per plant 

% 

Fig. 8 . Relation between the percentage calcium, potassium, and nitrogen content of V* faba 
with the quantity of calcium supplied* Age four weeks. 1931. 

volumetric method was used as described by Milne (23), and the values 
given are the mean of closely agreeing duplicates. As in the case of the 
nitrogen figures, terms of content, and not absorption, have been used 
throughout in comparing the potash and calcium figures. 

(i) Boron supplied. 

Under full nutrient conditions the potassium, as well as the calcium 
content of the plants, increased with advancing age, but as the rate of 
increase was somewhat larger in the case of the latter element, a slight fail 
in the K/Ca ratio was found with time (Table XII) as Fonder (9) also 
described. The drop, however, was much less marked than was the case 
with the N/Ca ratio. No question of shortage of available potash comes 
into play here, as even after five weeks’ growth only 50 per cent, of the 
potash supplied had been absorbed. In the presence of a deficient calcium 
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supply (one-eiglitli full quantity, or6*8o mg. calcium per plant), the uptake 
of potassium was amazingly little reduced, in fact the dry weight tended 
to be more adversely affected as the slightly higher value for the per- 
centage potassium in the five-week-old plants shows (Table XII). In 
consequence the K/Ca ratio showed a rise instead of a fall where the calcium 
supply was deficient No definite correlation was found between the calcium 
supplied and the amount of potash absorbed by four-week-old plants 
(Figs. 4 and 8), though there is some suggestion that an inverse relation- 
ship was beginning to make its appearance after a further weeks* growth, 
as by then the percentage of potassium was slightly higher in the plants 
grown in the medium deficient in calcium than in the complete nutrient 
solution. Colby’s explanation (to which reference has already been made) 
may be applicable here as the salt content of the ash of plants grown in 
water cultures is high, but Lundegardh*s results with wheat (21, Fig. 41) 
suggest that within the limits of the concentration of calcium used in the 
present experiments, no very close association between the calcium pro- 
vided and the potash absorbed is to be expected, and that only with larger 
concentrations of calcium would the inverse relationship between the two 
elements be at all clearly defined. A further point of interest arises here 
in connexion with Lundegardh’s work, as he found that on an average the 
potassium content of wheat was approximately ten times greater than the 
calcium content, a figure in close agreement with the present results, in 
spite of the fact that the latter were obtained with such a widely differing 
species as Victa faha. Though no statistically significant correlation was 
found, the potash content followed the dry matter curve very closely. As 
a result the curves for nitrogen and potash contents were very similar, 
neither showing any relationship to the quantity of calcium in the solution 
or in the plant (Fig, 8). 

(%) No boron. 

The results obtained were similar to those already described for 
nitrogen. If the calcium in the nutrient solution were plentiful, both the 
calcium and potash contents of the plant rose with advancing age, at least 
up to the fourth week, though the increase was much less marked than 
where boron was supplied. The K/Ca ratio, however, showed no tendency 
to fall after the third week, a fact which suggests that the lack of boron, 
while reducing the absorption of both elements, was exerting the greater 
influence on the uptake of calcium (Table XIV). If the calcium supply 
was deficient, the K/Ca ratio failed to rise with time after the third week 
as had occurred where boron were present, though as would be expected, 
the level attained was much higher than where the quantity of calcium 
supplied was larger (Table XIV). A lack of boron, therefore, was reducing 
the absorbing power of the plant for potassium as well as fpr calcium as 
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has been stated above, and further, affected the uptake of potash more than 
the uptake of nitrogen. The potassium content of four-week-old plants 
showed little, if any, correlation with the amount of calcium supplied in the 
solution (Fig. 6), and what trace of relationship is to be seen is of a direct 
rather than an inverse nature, so the results are in general agreement with 
those from plants grown with boron. 

A deficiency of boron, therefore, tended to reduce the uptake of calcium 
more than that of nitrogen or potash, which would seem to indicate a closer 
relationship between boron and calcium, than between boron and nitrogen, 
or boron and potassium. At the same time it must be borne in mind that 
nitrogen and potassium are generally most vigorously absorbed during the 
early stages of growth, whereas calcium is still freely taken up at later 
stages of development just when the effects of any deficiency of boron have 
reached their full importance. Further, a lack of boron reduces the 
development of the root more seriously than that of the shoot, so that 
a diminished capacity for absorption of all nutrients inevitably results when 
boron is withheld. 


IIL Discussion. 

A consideration of the foregoing results shows that the quantity of 
calcium a plant absorbs is influenced by a number of factors. The age of 
the plant is a matter of importance, for in general the absorption increases 
with age up to quite a late phase of development, though some periodicity 
in uptake is also evinced. In this connexion the necessity for carrying on 
experiments for sufficiently long periods, if a true picture of the events is to 
be secured, is clearly brought out. Another factor upon which the extent 
of the absorption of calcium depends is the quantity of the calcium supplied, 
and although certain concentrations appear to be more economically utilized 
than others, the uptake is approximately proportional to the amount 
supplied. Based upon dry matter px'oduction, the absorption of calcium 
is greater from a pure solution of calcium chloride than from complete 
nutrients, and a similarly reduced uptake is obtained when the nutrient 
medium is frequently renewed, that is to say, the absorption of calcium is 
affected by the presence and quantity of other elements. 

The question as to whether or not any association exists between 
boron and calcium uptake must, therefore, be considered under a variety 
of conditions. The approach to the problem, however, is rendered particu- 
larly difficult by the fact that death ensues in the absence of boron, and in 
consequence all metabolic processes receive a check, and any condition 
which hastens or retards the onset of the boron deficiency symptoms will 
inevitably alter the absorbing capacity of the plant. Some points, however, 
stand out distinctly. In the first place certain main results hold good 
irrespective of whether boron is present or not, the differences being those 
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of degree only* For example, a proportional relationship between the 
caldiim supplied and absorbed, and an increased uptake as the plant 
developed is found in both cases, though the quantities absorbed in the 
absence of boron are considerably the smaller. In the second place, other 
results are dependent upon whether the plants are grown with or without 
boron, but such differences can almost always be traced to the effect of the 
nutritive conditions on the rapidity with which boron deficiency symptoms 
appear. An example of this is found in the greater absorption of calcium 
from unrenewed than from frequently renewed solutions when boron is 
present, whereas in the absence of boron the reverse is the case. This 
apparently direct association between the reduction in calcium uptake and 
the lack of boron has, therefore, to be viewed in the light of the plants’ 
capacity to absorb other elements, i*e. allowance must be made for the 
general reduced vitality of the plant in the absence of boron, before any 
conclusions can be drawn. Both the potassium and the nitrogen contents 
are much less affected by the absence of boron than is the calcium content, 
so that an affinity between boron and calcium is certainly suggested. The 
data which point to such an association most strongly, however, are those 
obtained firstly, from comparisons of plants grown in complete nutrients 
with those in a pure solution of calcium chloride, and secondly, between 
those grown in unrenewed and frequently renewed solutions. In both 
cases the conditions which delayed the onset of the boron deficiency 
symptoms (i.e. the presence of complete nutrients and their frequent 
renewal respectively) also inhibited the uptake of calcium in the presence 
of boron, facts which certainly point to an affinity between the two elements, 
for if boron were needed for the uptake of calcium, and its supply limited 
to that originally provided by the seed, any condition which would tend to 
increase the absorption of calcium, such as the absence of other nutrients, 
would also hasten the appearance of boron deficiency symptoms. It is, 
therefore, of particular interest that somewhat similar views should have 
been expressed in two recent publications, though the question was 
approached from rather a different aspect than has been the case in the 
present paper. Haas (12), in a study of the effect of toxic quantities of 
boron on fruit trees, showed that the presence of excess of this element 
resulted in a decreased absorption of calcium by citrus and walnut. Bobko 
and Belvoussov (2), on the other hand, found that injury to sugar beet 
induced by excessive calcium in the soil could be corrected, and in fact the 
calcium turned to good account^ by the application of small quantities of 
boron. Excess of either element, therefore, affected the need of the plant 
for the other. At the same time, it has to be borne in mind that although 
the behaviour of elements needed in such small quantities as boron may 
well differ from those required in larger amounts, yet in general no 
one element bears a unique relationship to one other element, excess or 
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deficiency of any individual nutrient usually bringing about a number of 
changes, both chemical and physiological, owing to the displacement of the 
balance between all the components of the plant’s food. 

The evidence so far obtained, though insufficient to provide any 
definite proof of an association between boron and calciimi, does, however, 
suggest that a relationship of some sort exists between them, the exact 
natiiie of which is as yet undetei mined. 

IV. Summary. 

I. Over a nine-week period the quantity of calcium absorbed per week 
by Vida faba increased up to the seventh or fourth week respectively, 
according as to whether or not a trace of boron was present, indications of 
periodicity in uptake being obtained in the former case. 

Less calcium was absorbed from solutions renewed at weekly or 
fortnightly inteivals, than from unrenewed solutions when boron was 
present, but the reverse was the case if boron were not provided. This 
difference is attributed to the fact that renewal of the solution delays the 
appearance of the boron deficiency symptoms, and thus prolongs the 
absorbing capacity of the plant 

3. The quantity of calcium absoibed was approximately proportional 
to the calcium supplied, irrespective of the presence or absence of boion, 
although the total calcium taken up was much reduced under the latter 
condition. 

4. No correlation was found between the calcium supplied and the 
nitrogen or potash content of the plant, both the latter showing a closer 
affinity with the production of dry matter. 

5. Under full nutrient conditions the N/Ca and K/Ca ratios in the 
plant fell as its age inci eased, the fall being more maiked in the presence 
than in the absence of boron. A lack of boron, therefore, 1 educed the 
uptake of calcium moie than that of nitrogen or potash. 

, 6. In the presence of boron, the calcium absorbed per unit dry matter 

produced was higher from a pure solution of calcium chloride, than from a 
^j^pmplete nutrient medium containinga similar quantity of calcium. In the 
;|bsence of boron, death ensued the more rapidly in the plants grown in 

single salt solution, so that the presence of other nutrients apparently 
fincreased the requirement of the plant for both calcium and boron, 
ijilthough the evidence is not conclusive, indications of an association 
i|i^ween boron and calcium were, therefore, obtained, 

IJ In conclusion, thanks are due to Mr. R. G. Warren for his helpful 
with regard to the chemical methods employed, and to Professor 

■ .^i^^gardh for his generosity in placing his valuable experience and 
p.tory facilities at the writer’s disposal. 
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The Composition of the Salts on the Leaves of Some 

Desert Plants. 


BY 

ROBERT EDWARD CHAPMAN, M.Sc. 

V OLKENS ( 2 ) considered that the salts found on the leaves of Reau- 
muria hirtella and other desert plants were part of a mechanism for 
the absorption of water or water vapour from a saturated or nearly 
saturated atmosphere by the aerial parts of these plants. He performed 
no analyses, but noted that the crystals were largely cubical, indicating 
probably sodium chloride. 

Marloth ( 1 ) investigated the salts on Tamarix (species not given). 
Table III has been recalculated from his results, to show ions instead of 
molecules. 

Williams ( 3 ) seems to have assumed from the cubical shape of some 
of the crystals that the salt was pure sodium chloride ; he does not give an 
analysis. It is difficult to see how plant cells could excrete pure sodium 
chloride from the mixture of salts in the cells. 

Material. 

The material investigated was R. hirtella^ from Wadi Digla, twelve 
miles south of Cairo, and Tamarix arbor ea and Cressa cretica from Gebel 
Asfar, seventeen miles north-east of Cairo. The Wadi is a very dry 
valley, with rock a few centimetres below the surface of the sand. Gebel 
Asfar is a flat area in the desert, watered by Cairo drainage water, the 
level of the water in the drains being about one metre below the general 
surface level This area was pure desert before the drainage water was 
brought there, and Tamarix and Cressa are survivors from the desert 
flora. The rainfall of both areas is under twenty-five mm. per annum. 

Experimental Methods. 

It was found very difficult to wet the leaves of Reaumuria^ which is 
a low, bushy shrub, something like Calhma vulgaris, with very small 
leaves. Finally, the shoots were put into water at 40® C. for ten to fifteen 
minutes. The contents of the living cells were not extracted, as shown by 
the total absence of carbohydrates in the samples obtained. The solutions 
thus obtained were evaporated to dryness at 80^ G. Two samples of 

r Annals of Botany, Vol XLVHL No. CXCI. July, 1934.3 
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Reatmturia were obtained from plants collected within a distance of two 
miles along the valley, and except for sulphate and chloride ions, the 
two were approximately similar. On the other hand, the salts from 
Tamarix and Cressa differed more from each other, though collected 
within an area of a few square yards. (Thirteen litres of salt extract from 
the leaves gave about 20 grm. of salts.) 

Table I. 


Analyses of the Salts on the Leaves of Re aumnria hirtella. 



First sample. 

Second sample. 

Calcium (Ca) 

To* 

7*1 

/o • 

■ 4*13 

Magnesium (Mg) 

1*7 

1*20 

Potassium (K) 

0*9 

0-68 

Sodium (Na) 

20*0 

2679 

Iron (Fe) 

0*1 

0-03 

Chloride (Cl) 

277 

44*54 

Sulphate (SO4) 

19*4 

S*8s 

Silicon (Si) 

0*2 

0*07 

Loss at 120° C. 

4*9 

7.27 

Loss on ignition 

17*1 

— 

Phosphate (PO^) 

a trace 

nil 

Nitrate (NOs) 

not appreciable 

nil 

Nitrite (NOj) 

— 

nil 

Ammonium (NH4) 

— 

nil 

Borate (BOg) 

— 

nil 

Bromide (Br) 

— 

nil 

Iodide (I) 

— 

nil 

Sugar 

nil 

nil 

Starch 

nil 

nil 

Manganese (Mn) 

— 

<0*01 

Aluminium (Al) 

— 

<0-01 

Carbonate (CO3) 

nil 

nil 

Acetate 

nil 

— 

Oxalate 

nil 

— 

Succinate 

nil 



Discussion of Results. 

The salts on Reanmuria (first sample) consisted chiefly of sodium, 
calcium, chlorine, and sulphate ions. Magnesium, potassium, and iron were 
present in small quantities, phosphate was present only as a trace, whilst 
nitrate, carbonate, acetate, oxalate, succinate, and carbohydrates were 
entirely absent. (The soil here is derived from magnesium limestone, and 
contains much calcium and magnesium.) The second sample contained 
less calcium and sulphate ions, and more sodium and much more chloride. 
Magnesium and potassium were again present in small quantities, while 
the following were absent or present in minute quantities : iron, silicon, 
phosphate, nitrate, nitrite, ammonium, borate, bromide, iodide, carbo- 
hydrates, manganese, aluminium, and carbonate. 

The organic acid (or acids) present was not identified, but it was found 
to be unsaturated, sintered at 160° C., first melted at 170®, then wholly 
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melted at i88°; it was probably a mixture of organic acids. The organic 
matter of sample % contained o-i 2 per cent, of nitrogeiij calculated as 
a percentage of the original weight. There was also an excess of sulphur 
of 0-07 per cent over and above the sulphate present. 

Table IL 

Analyses of the Salts on the Leaves of Tantarix arborea and Cressa 

cretica. 



Tamarix. 

Cressa. 

0/ 

Calcium (Ca) 

%• 

8-II 

1*26 

Magnesium fMn) 

I *08 

1*32 

Potassium (K) 

1*96 

0-83 

Sodium (Na) 

16*63 

23*77 

Iron (Fe) 

0-13 

0*19 

Chloride (Cl) 

16*19 

25*00 

Sulphate (SOJ 

31*26 

13*26 

Silicon (Si) 

0*11 

0*12 

Loss at 120/130° C. 

8-33 

13*40 

Carbonate (CO3) 

small 

small 

Nitrate (NO,) 

small 

small 

Nitrite (NO^) 

traces 

traces 

Phosphate (PO4) 

slight traces 

slight traces 

Ammonium (NHJ 

slight traces 

slight traces 

Borate (BO4) 

slight traces 

slight traces 

Organic acids 

not determined 

not determined 


Table II shows that the salts on the leaves of T, arborea contained 
ions similar to those of the Reaumuria salts, but in rather different 
proportions. Sodium and chloride were lower, but sulphate was much 
higher; magnesium and iron were about the same, but potassium was 
rather higher ; carbonate and nitrate were present in small but appreciable 
quantities, together with traces of nitrite, phosphate, ammonium salts, and 
borates. Organic acid radicles were again present (shown by smell and 
alkalinity on charring), possibly as valeric acid. 

The salts on Cressa cretica, though the plants were living within 
a few yards of Tamar ix^ showed considerable differences from the salts on 
the leaves of that plant. There was much less calcium and sulphate, and 
considerably more sodium and chloride. Magnesium and iron were about 
the same, but potassium was less. Carbonate and nitrate were again present 
in small but appreciable quantities, together with traces of nitrite, phosphate, 
ammonium, and borate. Manganese was absent from both samples. Un- 
known organic acids were again present, 

Maiioth (1) found on the leaves of Tamarix (species not given) a mix- 
ture of salts consisting chiefly of calcium and carbonate ions. Magnesium 
was higher than on Tamarix arborea^ but sodium, sulphate, and chloride 
were much loweri Potassium and iron were absent, but much nitrate and 
considerable quantities of phosphate weix found. 
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Table III. 

Analysis of the Salts on the Leaves of Tamarix {Data after Mar loth 

hit Recalculated as Io7isl) 


Calcium (Ca) 20-8 

Magnesium (Mg) 3*0 

Potassium (K) nil 

Sodium (Na) 8*5 

Iron (Fe) nil 

Chloride (Cl) 6*8 

Sulphate (SOJ 47 

Silicon (Si) nil 

Water 6* I 

Phosphate (PO4) 2*6 

Nitrate (NO5) 12*6 

Carbonate (CO^) 33*3 


Conclusions. 

On the whole, the salts on the leaves under consideration consist of 
those of least use to the plant (except calcium and sulphate). Thus we 
have much sodium and chlorine, and little or no potassium, magnesium, 
iron, nitrogen, and phosphorus. Carbohydrates were entirely absent, but 
there were small quantities of an undetermined organic acid. The leaves 
therefore would appear to excrete ions of little value to the plant, and to 
hold back those which are essential. Marloth’s analysis of the salts of 
Tamarix showed the presence of large quantities of insoluble calcium 
carbonate. It is difficult to understand how this salt could be excreted 
by the leaf cells. 

The author is indebted to Professor F. W. Oliver, Dr. F, L. Warren, 
and Dr. B, Dyer for advice and assistance. 

Summary. 

I. Analyses are given of the salts found on the leaves of certain plants 
of the Egyptian desert. 

a. The analyses show the presence of ions which appear to be of little 
use to the plant ; most of the elements essential to the plant are present 
in very small quantities or absent. 

3. No carbohydrates were found in any of the samples obtained. 
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Introduction. 

T he lichens are the most drought-resisting of all plants, with a unique 
power of recovery after desiccation, and their water relations have 
been the subject of a number of investigations. As dual organisms, 
dependent on the photosynthetic activity of one partner, they present 
special problems in carbon-assimilation, an aspect of their physiology which 
has also received attention. In a plant subject to serious diminution of 
water content, this factor becomes one of the most important in determining 
the rate of respiration and assimilation. The lichens are peculiarly suitable 
for investigations of the relations of these processes to water content ; for 
in no other plants, except perhaps in some subaerial algae, does water 
content vary so widely with no more serious disturbance to normal meta- 
bolism than a temporary change in the ratio of the two. 

Zukal (84) and Sievers (28) investigated the water relations of lichens. 
Both hold that the upper surface is ‘ protective ^ In some species there is 
a secretion of lichen acids, which prevents wilting of the surface, and so 
hinders absorption and also evaporation. In others the protection is 
ascribed to the thickness of the close upper cortex. By timing the rates 
of absorption of drops of water by the upper and lower surface, Sievers 
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found that the latter was more efficient. Zukal found that lichens could 
absorb considerable amounts of water from water vapour. Goebel (15) 
came to the conclusion that the walls of the hyphae were Important in 
retaining water by colloidal imbibition. He attributed to the presence of 
lichen acids the difficulty of wetting the intervenal regions of the lower 
surface of certain lichens. He drew attention to the importance for gaseous 
exchange of the air-filled intercellular spaces of the algal layer. The 
absorption of water by the lichen he considered as a purely imbibitional 
process, since dried lichens swell readily in water. 

Bachmann (1, 2) carried out an extensive investigation of the water 
relations of a number of dead crustaceous and foliaceous lichens, growing 
on calcareous or siliceous rocks. He found that crustaceous lichens absorbed 
large amounts of water from dew and rain. The water absorbed by night 
from dew was lost by day after two hours in the sun or four hours in the 
shade. If it had rained by night, the water absorbed lasted about twice as 
long. In spring and autumn complete drying out did not occur. Crusta- 
ceous lichens absorbed more water weight for weight than foliose ; they 
lost water more readily to begin with, but less readily as they approached 
desiccation. Endolithic lichens are most retentive of water. The presence 
of a layer of dead hyphae and gonidia, the ‘ hyponekralschicht ^ is recognized 
as important in absorbing and retaining a store of water. 

Kolumbe(2l) showed that lichens could absorb considerable quantities 
of water in the form of vapour, though, even in a saturated atmosphere, 
they never reached saturation. This capacity accounts for their survival, 
and the possibility of carbon-assimilation in dry regions of both hot and 
cold zones. Hilitzer (18) supported the view that water absorption in 
lichens is purely physical, and compared the maximum water content in 
a variety of species. Stocker (29) published a careful quantitative study 
of water relations. He states that water is held mainly outside the cells 
in capillary interstices and in the walls. Liquid water is absorbed with 
great rapidity, the lichen becoming saturated within two minutes; this is 
due to the rapidity of movement into the capillary spaces. The course of 
evaporation and of uptake of water vapour Is that of typical imbibition by, 
and evaporation from, a gel. Drying out takes place very rapidly. The 
water content of a lichen in air is related to the humidity of the air. The 
area of a lichen is roughly proportional to its water content. 

The earliest work on respiration and assimilation in lichens is that of 
Jumelle (20). He found that fructicose and foliose lichens showed an 
excess of assimilation over respiration even in diffuse light, while crusta- 
ceous lichens showed an excess in bright light only. The assimilation by 
the algae of the gonidial layer was therefore sufficiently active to provide 
a balance of material for the whole organism. Assimilation increased with 
water content almost to the saturation point. Dry lichens were found to 
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be very resistant to high temperatures ; their power of assimilation returns 
even after exposure for 55 hours to 60° C. Assimilation was appreciable 
at temperatures of —32^0. though respiration ceased at — io°C. 

Henrici (17) found that assimilation ratio varied with temperature and 
light intensity in a complicated fashion. Two or more maxima were found 
on increasing either of these factors. The number and position of the 
maxima changed with the previous treatment and with the habitat of the 
lichen. Unfortunately the small number of determinations makes it impos- 
sible to place much weight on these results. Fraymouth ( 14 ) found that in 
Parmeiia respiration increased with water content. Boysen Jensen ( 7 ) 
found that in air of normal COg content respiration balanced assimilation 
at the high light intensity of 4,200 lux. For the leaves of shade plants 
this * compensation point* lies at 200-400 lux, and for sun leaves at about 
700 lux. The high compensation is related to the high respiration of the 
fungal component, and the conclusion is drawn that only a very small 
carbon-compound balance is available for growth. Probably part of the 
carbon compound supply is drawn by the fungus from the substratum, 

Stocker ( 29 ) found that assimilation and respiration increase at first 
with rising water content, but fall before saturation is reached. In the dry 
lichen respiration is most active. The temperature assimilation graph 
shows two maxima at 12° C. and 25® C. The temperature respiration 
graph shows maxima at 5° C. and 25° C. No complete explanation of 
these curious results is suggested. The shade lichen Lobaria has a com- 
pensation point at 150 lux, the sun lichen Umbilicaria at 2,500 lux. 

The object of the present work was to make a detailed study of the 
water relations, the assimilation and the respiration of a single lichen. 
Peltigera canina was chosen as a species which can be readily obtained in 
quantity and freed from extraneous matter without damage. The closely 
related P. polydactyla was also used and found to behave in the same way. 

The structure of P. canina has recently been descrl)ed by Darbi- 
shire(ll). The lichen grows in grass or on moss in rather shady places. 
On drying, the flat, dark-green lobes change to a greyish colour and the 
lichen shrinks and curls up. About 5 per cent, of the thickness of the 
thallus IS occupied by a close upper cortex, without intercellular spaces 
except those due to the little cracks which result from repeated drying. 
The algal layer is about 10 per cent, of the thickness of the thallus and is 
rich in air spaces. The remaining 85 per cent, in the region of the veins 
consists of close-packed parallel hyphae from which spring rhizoids which 
penetrate the mosses of the substratum. Between these veins the lichen is 
thinner and the hyphal threads are woven with abundant air-spaces which 
make wetting of the intervenal areas in the lower surface difficult There 
is no lower cortex in this genus. 



784 Smyik—A Contribution to the Physiology and Ecology of 

L Water Relations. 

Stocker^s results were published after much of the work on this part 
of the problem had been carried out. As the work confirms his^ only a 
brief description need be given. 



Hours 

Fig. I. Drying out of lichens and agar gel in air, a, Peltigera canina\ Bj P. polydactyh% 
c, Agar gel. Room temperattire approx. 18° C. Humidity = ii -6 mm. mercury. The zero dry 
weight taken after 34 hours in desiccator. The broken line represents the weight after drying at 

(I) Evaporation and absorption of water vapour. 

Evaporation was measured by weighing on a sensitive spring balance 
pieces of lichen suspended over calcium chloride in a thermostat at C. 
Graphs for F, canina^ P, polydactyla and a thin sheet of agar are given in 
Fig. I. They are exponential in form, and the only difference is in the 




Water content as % dry weight 
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mucli more rapid drying out of the lichen. This is in agreement with 
Stocker s work. The extensive intercellular spaces of Peltigera mean that 
there Is only a layer of cells some 20-40 ji thick which is not in open con- 
nexion with the atmosphere. In an agar gel, on the other hand, as the 
surface dries out diffusion of liquid must be considerably slowed down. 



Fig. 2. Absorption of water vapour by canina during 7 days at 21° C* The graph at the 
right hand of the figure shows the course of drying out on the same time-scale. 


Absorption of water vapour was followed by periodical weighing of 
portions of thallus suspended in a saturated atmosphere in jars at 21® C. 
The lichen could be removed from the jars in the incubator, weighed on 
the spring balance, and returned to the jars in less than one minute ; thus no 
appreciable drying out occurred during manipulation. The course of absorp- 
tion is shown in Fig. 2. It is a relatively slow process, a week being 
required to reach equilibrium as compared with 2-5 hours for complete 
drying out. The first half of the water is absorbed in about sixteen 
hours, and the relation of absorption to time is again the exponential one 
characteristic of the absorption of a gel. 

Some figures may be given here of the actual water content of the 
lichen under various conditions. They are averages of a number of 
determinations. Considerable variation occurs, but they are useful as 
showing the order of water content. The dry weights were determined 
at iio^C. 

Water content after drying at 21° over calcium chloride: 9 per cent, 
of dry weight or 3-4 per cent, of saturation water content. 

Water content after severe drought in nature: 13 per cent, of dry 
weight, or 5 of saturation water content. 

Water content after complete absorption in saturated atmosphere** 
190 per cent of dry weight or 71 per cent, of saturation water content 
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From a moist atmosphere the lichen can thus absorb a very large 
amount of moisture, but only 70 per cent, of that absorbed from liquid 
water. It is reasonable to suppose that this 70 per cent, is water held in 
the walls and liimina of the hyphae, while the 30 per cent, is water held in 
the intercellular spaces. It is of interest to note that desiccation in nature 
approaches that over calcium chloride. 

(ii) Absorption by^ and evaporation from^ the two surfaces. 

Evaporation from the two surfaces was compared by weighing three 
pieces of lichen, the first with both surfaces free, the second with the upper 
surface vaselined, and the third with the lower surface vaselined. Some 
determinations were also made with two pieces of lichen, the course of 
evaporation being first followed with both surfaces free and then, after 
soaking in water, from the upper surface of one and lower surface of the 
other. The two methods gave concordant results and a set of graphs 
obtained by the first is given in Fig. 3. 

Evaporation is naturally most rapid with both surfaces free and the 
upper surface loses water more slowly than the lower. If the water loss is 
plotted against the logarithms of the time, comparative values of rate of 
evaporation may be obtained from the slopes of the resulting straight lines. 
It is found that the ratio of evaporation rates from both surfaces, from 
lower and from upper, is as 10:8:7. The relative times for loss of 
50 per cent, of the water content are 10:8*8:7*4. There seem to be 
no special protective features in the upper cortex of Peltigera ; lichen 
acids are not produced in this genus, and the upper surface can be easily 
moistened by liquid water which it absorbs readily. The slower rate of 
evaporation from this surface is due to two factors : (i) the smooth surface 
offers a smaller evaporation area than the corrugated lower surface, and 
(ii) there is no free gaseous diffusion from the interior by intercellular 
spaces. In dry weather in nature evaporation through the upper surface 
would take more than twice as long to bring the lichen to the air-dry 
condition than if both surfaces were exposed, and this must be important, 
even though the effect is somewhat diminished by the curling up and 
partial exposure of the lower surface, as drying proceeds. 

Similar experiments were carried out on the absorption of water 
vapour. The rate of absorption was less through the upper than through 
the lower surface at first, though after five days the amounts absorbed were 
equal. After forty-eight hours the ratio of absorption through both surfaces, 
lower and upper, were as 10:9*7:8*4. The high efficiency of the lower 
surface must be referred to the extensive gaseous diffusion which it allows 
to the thallus from below. In nature of course absorption will always take 
place through both surfaces. 
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(iii) Living and dead materiaL 

Comparison was made between absorption by^ and evaporation from, 
living lichen material and material killed at iio°C, It was found that the 



Fig. 3, Drying out of P. canina over CaCb at 2i°C. A, both surfaces free ; B, lower surface 
free, C, upper surface free. Zero water content taken after 24 hrs. The broken line represents 
the position of zero after drying at 1 10'’ C. 


dead lichen after saturation with liquid water retained 71 per cent of that 
held by living materiaL For P. aphthosa Goebel (15 a) obtained a figure of 
77 per cent. Living material also absorbs rather more water as vapour. 
After thirty hours in a saturated atmosphere it was found that the absorp- 
tion by dead material was 90 per cent of that by the living lichen. There 
is no appreciable difference in the rate of evaporation from the living and the 
dead lichen. 

The difference in absorptive power by dead and living material may 
be due to {d) absence of osmotic absorption, {b) alteration in the cell-wall 
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colloids as a result of the action of high temperature. A difference in 
imbibitional absorption is indicated by the difference in the power of 
absorbing water vapour. When the hyphae swell they also separate some- 
whatj leaving interstitial spaces which are filled by water, and since hyplial 
swelling is lessened In the dead material, the reduction in size of these 
spaces will help to explain the large saturation deficit of the dead materiaL 

IL Respiration. 

Measurements of respiration were made with two aims in view: 

{a) To determine the relation between respiration, temperature, 
and water content. 

if) To provide a basis for estimation of real assimilation. 

It proved that even carefully selected and apparently uniform material 
was very variable, and numerous estimations on different samples were 
made. The data obtained are, however, sufficient to establish the general 
relations. 

Method, In estimating respiration about 3 grm. of lichen were placed 
In a flask immersed in a darkened water bath, the temperature of which 
was controlled by a toluol thermo-regulator. A current of air freed from 
CO2 by passing over soda-lime, and brought to the temperature of the bath 
in passing through an immersed glass ‘ worm was drawn over the lichen 
by a constant-level siphon. The current was kept at i litre per hour. The 
COg produced was absorbed by N/50 baryta in a Pettenkofer tube and 
estimated by titration against N/50 HCl. One drop from the burette 
was equivalent to 0-044 As a rule each absorption lasted an 

hour with a preliminary period of half an hour before the first of a series, 
with intervals of ten minutes between successive absorptions. 

Preliminary experiments showed that respiration rate always falls off 
from that of the first estimation. When the lichen which had been used 
for four or five determinations was returned in the evening to the cool 
greenhouse, where the material was kept, and then used for a further series 
on the following day, the initial value in the second day was lower than the 
final value on the first. If, however, the lichen was left in the greenhouse 
for several days the initial value was regained. An example of this 
behaviour is given in Table 1 . The same specimen was used throughout, 
returned to the greenhouse every night, and from November 15 to ^20. 

The falling-off cannot be a time effect due to temperature, as it occurs 
at the lowest temperature employed. Nor is it due to drying out, for even 
though a certain loss of water occurs during a series of estimations, this is 
not sufficient to account for the decrease in respiration obtained. It seems 
certain that the exhaustion of food substances must be responsible, and 
this is confirmed by the recovery after four days in the greenhouse, though 
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no recovery took place in the greenhouse over night, i.e. during a period 
of darkness. 


Table I. 

Respiration ofY. canina {mg, CO., per grm, fresh wt,per hour). 


Temperature 21° C. 


Date. 

1st 

Estimate. 

2nd. 

3rd. 

4th. 

5th. 

Nov. 12 

0*311 

0*260 

0*285 

0*282 

— 

13 

0*159 

0*146 

0*109 

0*164 

0*139 

14 

0*146 

0-158 (?) 

— 

— 

— 

15 

0*139 

o*o88 

0*063 

o*o8S 

— 

20 

0*277 

0*139 

— 

— 

— 


In the experiments on the relation of respiration to temperature, fresh 
material was used every day and a series of determinations made on each 




Fig. 4. {a) Respiration of P, polydactyla at various temperatures, {b) Respiration of P, canina 

at various temperatures. 


sample. The first and fourth values in each series are recorded in Table II 
for each of the two species employed. The water loss, as percentage of 
original fresh weight at the end of each series, is also given. 

Figs. 4 a and 4 b show the course of respiration with time for all the 
temperatures used. Several series were made for each temperature. Each 
point is the mean of all values obtained for any one temperature, at the 
same stage in the series of estimations (i.e. first, second, third, or fourth). 
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When working with P. canina at high temperatures abnormally high 
initial values were obtained several times. It was found that after a day 
this species frequently developed a growth of mould in the flasks, which, 
however, was not visible the first day: it is probable that the high results 
on the first day were due to the mould. This trouble did not occur with 
P. polydactyla^ and the conclusions drawn are based primarily on the 
results obtained with this species. 

Table IL 

Effect of Temperature on the Respiration of Peltiger a. 

The 1st and 4th values of each set of determinations are given as mg. CO2, per grm, 
fresh weight, per hour. The water-loss at the end of each set is given as percentage of 
original fresh weight. The figures in column A represent the first estimation, and those 
In column B the fourth. 


Peltigera canina . Peltigera polydactyla . 


Temp. 

Respiration. 

Water loss. 

Respiration. 

Water loss. 


A. 

B. 


A. 

B. 


10° C. 

0*189 

0-104 

3-37 

0*1 So 

0*096 

2*8o 


0*143 

c*o6o 

— 

0*102 

0*049 

— 


0*170 

0*087 

1*77 

0*108 

0*053 

I *36 


0*129 

0*096 

2*69 

0*130 

0*078 

1-56 

0 

n 

0*3I6 

0*107 

2*50 

0*1 86 

0*137 

— 


0*185 

— 

— 

0*161 

0*119 

1*76 


0*100 

2*53 

0*178 

o*o86 

2*11 


— 

— 

— 

0*155 

0*101 

i*6o 

21° C 

0*347 

0*2o6 

— 

0*300 

0*217 

— 


0*294 

0*177 

— 

0*248 

o*ni 



0*366 

0*246 

3-30 

0*279 

0*129 

7*28 


0*270 

o*iS6 

4*51 

0*352 

0*209 

— 


0*302 

0*210 

2*95 

— 

— 


Krx 

0 

P 

0*375 

0*310 

4*05 

0*269 

0*156 

3'55 


0*280 

0*164 

— 

0*249 

0*162 

3*67 


0*164 

0*156 

578 

0-227 

0*162 

2*47 


0*357 

0*189 

5*14 

— 

— 


30° C. 

0*405 

0*249 

3*3d 

0*312 

0*213 

3*22 


0*313 

0-333 

6*50 

0*315 

0*264 

4*56 


0*301 

0*366 

5 *06 

0*262 

0*1 80 

4*88 

35“ C. 

0-383 

0*275 

579 

0*319 

0*241 

3*45 


0-541 

0*464 

472 

0*433 

0*299 

3*68 


0*883 

0*359 

8*70 

0*319 

0*255 

4*6o 

40° c. 

0*404 

0*193 

6*48 

0*400 

0*142 

370 


0*491 

0*289 

3*99 

0*362 

0*1 16 

5*19 


1*000 

0*286 

3*25 

0*375 

0*102 

1*47 


0*902 

0*261 

2*57 

0*317 

0*036 

2*32 


0*371 

0*171 

4*83 

0*355 

0*093 


0*580 

0*423 

4*32 




0*481 

' 0*302 

2*o6 

— 

— 


45“ C. 

0-985 

0*147 

Fungus 

0*247 

0*114 



0*632 

0*177 

visible 

0*266 

0*074 

3*19 


0*623 

0*150 

nexitday 

0*314 

0*057 

2*94 
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One other discrepancy must be noted. At both lichens gave 

mean initial values higher than might be expected, and showed also 
a rather wide variation. These high values for each species were due to 
two determinations which, as it happens, were the earliest estimates made. 
It has not been possible to trace them to any definite error, but it seems 
likely that they may have been due to lack of experience of the method. 

At temperatures of 40° and 45° C. the decrease in rate which occurs is 
very much more rapid than at lower temperatures, as can be seen from 
Table III. The respiration rate at the end of five hours at all tem- 
peratures from io°~35°C. is of the order of 60-70 per cent, of the initial 
rate, and the nature of this decline has been discussed above. At 40° and 
45° C., however, the final rate is only about 30 per cent, of the initial rate. 
This can only be due to the injurious action of the temperature on the 
respiratory activity. It may seem surprising that below 40° C. there is no 
indication of a time-effect of temperature, but this agrees very closely with 
the results obtained by Kuijper (22) for peas. His figures show that, 
though a slight time-effect is first seen at 25® C., a pronounced effect occurs 
only at 40^^ C. 

Between 10° and 35° C. the initial respiration rate rises with tem- 
perature. Values for Q^q for various intervals are shown in Table III ; 
they are calculated from first determinations only, and it will be seen that 
they are fairly constant at about 1-5. The value for io°-i5‘^C is rather 
higher. The aberrant respiration value at C. has not been employed 
in the calculation, the interval being used instead. The reliable 

values for P. canina are = 1-56 for interval 10^-15°, and == 1-67 for 
interval 1 C. These agree closely with the longer series for P» poly- 
dactyla. This value seems to be rather low, but it is of the same order as 
that found by Kuijper for peas between 20^-35® C. ; the higher values which 
he obtained at lower temperatures have not been observed. 


Table IIL 


Respiration ofY, polydactyla {Mean Values). 


Temperature. 

Determinations 

A. B. 

B X 100 

10“ C. 

0-130 

0-069 

53 

IS° c. 

0*170 

0*102 

60 

21° C. 

0-245 

0-120 

49 

25 ° C. 

0-245 

0-160 

65 

30° C. 

0*296 

0-219 

71 

35 ° C. 

0-357 

0-265 

74 . 

40° C. 

0-362 

0-098 

27 

45 ° C. 

0-284 

o-o8i 

. ^9 


Qw 



171 

144 

X- 4 S 

1*45 

1*03 


Only Stocker working on Umbilicaria, and Henrici, who used Pelti- 
gera and several other lichens, have previously investigated this coeffioien^ 
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Very few estimations were made by either of these investigatorSj and their 
results were irregular. Stocker s results, however, are of the same order, 
especially at lower temperatures, as those here set forth. A single series, 
given by Henrici, gives such high values that doubt must be expressed as 
to its accuracy. At zero a respiration rate of mg. CO^ per grm. fresh 
weight per hour was obtained^ and this is four times the average value 
obtained at 35° C. in the present experiments. 

Stocker obtained appreciable respiration at 50° C., and Henrici claims 
to have demonstrated it at — Extrapolation from the present 

results seems to indicate that respiration may take place several degrees 
below zero. 

Comparison with the rates of respiration of the higher plants is 
perhaps hardly permissible, but it is of interest to note that the rate 
obtained at 10° C. in both species of Peltigera is of the same order as the 
average rate of a mature sunflower as determined by Briggs ( 9 ). The 
respiration rates of P. polydactyla and P. canina per grm. dry weight per 
hour at 10® C. are 0*52 mg. and 0*64 mg. respectively, while that of the 
sunflower, 85 days old, is 0-53 mg. 

Water Content and Respiration. 

Previous investigators have all found decrease of respiration with 
decreasing water content, with slight variation in the type of curve which 
will be discussed later. In the following experiments the two lichens 
P. canina and P. polydactyla were again used, and the work carried out 
at 1 5*^ C. 

Method. The respiration of the saturated lichen over a period of one 
hour was in all cases determined first ; the material was then removed, 
dried in air to approximately the desired degree, and replaced in the flask 
for a second determination. Water content was obtained by weighing the 
material before and after each determination and by determining dry 
weight after the experiment. When the lichen is saturated a slight loss of 
water takes place during the experimental hour ; at lower water contents 
loss is negligible, and the water content during the experiment may be 
taken as constant. The values obtained are given in Table IV and are 
plotted in Fig. 5. 

As usual the variation due to the use of different material is con- 
siderable, but there is no doubt that intensity of respiration is closely 
related to water content. Inspection of Fig. 5 seems to justify the con- 
clusion that the relation is nearly linear. There is an indication that 
maximum respiration is reached at a water content between 80 per cent, 
and 90 per cent, of saturation ; there is no evidence that increase of water 
content beyond this point is accompanied by a fall in respiration. 
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Stocker, Fraymouth, and Jumelle, who have previously investigated 
this relation, all found that maximum respiration occurred at a water 



water content as % of saturation value 
Fig. 5. Respiration and water content of P, canina ( + ) and P. polydaciyla (x). 

Table IV, 


Water Content and Respiration at if C 


p. ( 

canina. 

P. polydaciyla. 

Water content (%). 

Respiration (%). 

Water content (%). 

Respiration"(%) 

74*6 

82*6 

77*3 

1007 

74*5 

98*5 

71*6 

79*2 

75*6 

81-5 

68*9 

89*4 

63*9 

59*8 

62*0 

59*5 

59-S 

41*7 

567 

46*2 

45*4 

30-a 

567 

48*2 

44*5 

57-1 

53*6 

62*2 

40*0 

40*5 

40*3 

40*6 

39*0 

25*6 

36-1 

39*0 

25*4 

32'5 

27-2 

32*5 

9*9 

6-s 

67 

6*6 


content considerably below the saturation point, Stocker at 75 per cent, 
and Fraymouth at 50 per cent., and that further increase in water content 
led to a fall in respiration rate. It is possible that lichens with a less 
efficient aerating system than Peltigera may behave thus^and it^may^be 
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noted that Fraymooth’s experiments were made with Parmelia. The 
presence of condensation moisture on the surface of the lichen might also 
lead to a decrease in respiration rate* Even In the air-dry lichen^ with 
only 6*7 per cent, of the maximum water content, respiration is still 
demonstrable* A set of determinations carried out at C. gave similar 
results. It is of interest to note that White (32) found * slight* and 
^ extremely slight * respiration for stored seeds of Acacia melanoxylon and of 
Pinus insignis which contained 4-8 and 5-3 per cent, water respectively. 

III. Assimilation. 

For assimilation work it was necessary to modify the respiration 
apparatus in respect of leaf chamber, lighting, and COg supply, A modifi- 
cation of F. F. Blackman’s leaf-chamber method (3) was employed, and 
the arrangement for illuminating the plant is shown in Fig, 6. 

Plant Chamber and Lighting. 

The plant chamber was a flat rectangular glass box measuring 
10 X 8 X I cm., with inlet and outlet tubes at opposite ends, and with a ther- 
mometer, the bulb of which lay below the lichen. The bottom and sides were 
blackened, and the top could be removed to insert the lichen. The top 
was fixed in position with vaseline and paraffin wax. The lamp was 
enclosed in a metal cylinder with a glass floor, and through this a current 
of water was run to avoid heating effects. Variation in light intensity was 
secured by raising and lowering the lamp, and by using different lamps. 
The enclosing cylinder rested on the plant chamber, and arrangements 
were made to exclude light from other sources. The light intensities for 
the different lamps used, and for various positions, were measured by a 
McBeth illuminometer, and are expressed as lux, i.e. metre^candles (Hefner). 

Carbon Dioxide Supply. 

The air current was enriched with carbon dioxide by F. F. Blackman’s 
method, that is, by allowing dilute hydrochloric acid to drop from a Mariotte 
bottle aspirator on to marble chips contained in a Reiset tower. The rate 
was controlled by capillary tubing on the exit arm of the aspirator, to 
produce about o-6 per cent. CO2 in the current for the ‘ excess ^ supply : 
lower concentrations were obtained by diluting the acid. At high carbon 
dioxide contents the concentration was not always constant, but under 
these conditions slight variations in concentration did not affect assimilation 
rate, ' 

The control branch of the air current passed through a U-tube of 
about 40 c.c. capacity on the way to the Pettenkofer tubes. The volumes 
of air passing through plant chamber and U-tube were measured by the 
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loss of water from the aspirators. The carbon dioxide content of the 
control branch current was used as the basis for calculating the amount of 
carbon dioxide absorbed in the plant chamber. In the series of experi- 



Fig- 6. Ilinmination apparatus for assimilation experiments, a, metal cylinder with, glass 
bottom; B, cowl; c, lamp; D, entrance tube for cooling water ; E, constant-level siphon; F, plant 
chamber ; g, supporting tripod. 

ments on the relation of assimilation to light intensity, water content, and 
temperature, where carbon dioxide was supplied in large excess, the con- 
tent of the gas in the entrance current is also taken as the concentration in 
the chamber. 

The accuracy of the division of the air current was tested by making 
a series of parallel blank determinations with ordinary air, and with air 
containing about oa per cent carbon dioxide. The difference between 
pairs of determinations did not exceed 3 per cent. 
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Assimilation and Light Intensity. 

After various trials it was decided to make a series of estimations on 
two different plans. The preliminary treatment of the material was always 
the same. The lichen was kept in a cool greenhouse. In the morning 
a sample^ freed from the moss in which it grew by cutting off the rhizoids, 
was rinsed in distilled water and dried by gentle pressure between filter 
papers. It was then weighed and placed in the chamber. The sample had 
an area of about 40 sq. cm., fresh weight about 1*5 grm., and dry weight 
about 0*4 grm. The remains of the rhizoids held the lichen sufficiently 
above the bottom of the chamber to allow free circulation of air. The air 
current was drawn through the chamber for seven minutes in the dark, 
a time sufficient for one change of the atmosphere, and then for ten minutes 
in the light. At the end of the period the Pettenkofer tubes were shunted 
into the air currents by a suitable arrangement of three-way stopcocks, 
and absorption allowed for half an hour. Before the next period an interval 
of seven minutes was allowed during which the air current was drawn at 
the same rate through the chamber. This interval allowed when necessary 
for the adjustment of a new light intensity, and for changing the Petten- 
kofer tubes. The somewhat complicated arrangement of taps was always 
manipulated in the same order. Precautions were taken to avoid access of 
air to the baryta at any point of the manipulations. 

The carbon dioxide supply was about 0*6 per cent. (12 mg. per litre} 
throughout, a concentration well above the limiting value, as will be shown 
later. The temperature was 20° C. At this temperature the loss of water 
which always takes place, even in a current of saturated air, is not very 
great. At the higher light intensities the temperature of the chamber 
tended to rise, and this was counteracted by adding cold water to the bath. 
This adjustment could also be carried out in the seven-minute interval 
between absorptions. 

Assimilation is expressed as mg. CO^ absorbed per i grm, fresh weight 
per hour. As the weight decreases somewhat during the experiment, the 
mean of the initial and final values is used. Dry weight and area are also 
measured and results calculated in terms of these, but as no difference in 
behaviour is shown by these figures, they are not given. 

The two different series of estimations referred to above were carried 
out as follows r ' 

(i) Two half-hour estimations were made at a light intensity of 5,623 
lux followed by two at a higher intensity. The results are given in Table V 
and plotted in Fig. 7 a, 

(ii) One half-hour estimation was made at an intensity of 1,959 lux 
followed by single estimations at 5,623, 11,010, 22,880, and 44,920 lux. 
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The results of the six sets made on this plan are given in Table VI and 
plotted in Fig» 7 b. 

The mean of all values obtained for each light intensity in both series 
are plotted In Fig. 8. A graph for assimilation, obtained by adding to 
each value for apparent assimilation the standard respiration value of 
0-^5 mg., is also given in this figure. 


Table V. 


Temp. 20® C. 

Light 

intensity 

(lux). 

Dec. 13. 

5,623 1-172 

11,010 2-132 

22,880 — 

44,920 — 


Assimilation and Light Intensity, 


Assimilation (mg. CO2 per hour per grm. fresh wt.). 


Dec. 17. 

1- 247 

2- 691 


Jan. 9. 

1-198 

2.514 


Jan. 10, 
1*382 

2-700 


Jan. 15, 

1 - 554 

2- 672 


Jan. 16. 
1-099 

1732 


Jan. 20. 

1- 705 

2- 822 


Jan. 21. 

1*317 

2-576 



a. L 

Fig. 7. Assimilation of P, polydctctyla at various light intensities, (at) Each line joins the 
two values obtained in a single experiment, ip) Each graph represents the five determinations in 
a single experiment. 

The course of the two graphs is very similar. It will be seen that, 
although there is variation between different samples, the graphs show a 
satisfactory agreement. 

From these results we may obtain the following information : 

(]) The values of real assimilation at 1,957 and show that 

an appiroximate proportionality with the light intensity exists in this 
region. 
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Table VI. 

Assimilation and Light Intensity. 


Temp. 20° C 


Light 

intensity 

(kx). 


1,957 

5,623 

11,010 

22,880 

44,920 


Assimilation (mg, COg per hour per grm. fresh wt,) 


Jan. 22. 

Jan. 24. 

o«6i 

0*42 

1-47 

1*54 

2*24 

2-32 

2-89 

2-62 

3*14 

272 


Jan. 27. 

Jan« 28. 

0-32 

0-23 

l’43 

1*4^ 

2*05 

2*82 

2’55 

3*34 

2-66 

3-23 


Jan. 30. 

Jan. 31. 

0-26 

0-57 

i*i6 

1*82 

1*89 

2-68 

2-33 

2*96 

2*20 

2*77 



Fig, 8, Assimilation of P. pdydaciyla and light intensity. Each point is the mean of all the 
Tallies for that light intensity. R, real assimilation ; a, apparent assimilation, 

(2) Between 5,623 and 22,880 lux an increase in assimilation rate 
again occurs, but with smaller increments as the intensity rises. The 
graphs up to this point are strikingly similar to those obtained by Warburg 
(31) for Chlorella. 

(3) Above this point (22.880 lux) no further increase in assimilation 
is obtained. It will be shown in the next section that in this region 
assimilation is limited by temperature. At a higher temperature the 
diminishing rate of increase found by Warburg, resulting in a gradual 
flattening of the curve, would doubtless take place, 

(4) The relation found agrees with F. F, Blackman’s (4) conception of 
one factor controlling the reaction, in so far as the first and last portions of 
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the graph are concerned ; it agrees, however, with the work of later 
investigators as to the course of the graph in regions of medium intensity*, 
Henrici carried out two sets of two determinations on P. polydactyla^ 
the results of which are given in Table VI L 


Table VIL 

Assimilation and Light (Henrici: extract from Table III). 


P . polydactyla COg = 1*8 %. 


Lux. 

75 - 

100. 

225. 

400. 

900. 

2,000. 

35 SOO- 

8,000. 

32,000, 

Assim. 

1-4 

2*2 

6-7 

1-4 

3-4 

5*2 

4.4 

27 

, 2*4 

w. 

per hr.) 

i8*5 

9.2 

10*8 

9*1 

II-2 

3 j 

0 

— 

— 


It will be seen that in both these experiments a double maximum was 
obtained, and that above the second maximum assimilation again decreased, 
reaching zero in one experiment at 3,500 lux. It may be noted that 
Boysen-Jensen found the compensation point, that is the light intensity at 
which respiratiorh-and assimilation balance, at 4,000 lux for:^o°C. The 
course of my graphs indicates that there is a compensation point at about 
500 lux. The high compensation point found by Boysen-Jensen may well 
be due to the short period (ten minutes) of his experiment, which would 
tend to make it impossible to measure very low values. 

It is difficult to understand why an increase in assimilation should 
take place at still lower intensities* In view of the great regularity of the 
graphs shown in Fig. 7, and of the fact that none of them gives any indi- 
cation of a decrease, even although the light intensities employed were 
higher than any of those used by Henrici, it must be suggested that the 
high light values she finds are due to experimental error. If the results are 
calculated for area instead of fresh weight, no significant change in the course 
of the curve is indicated. 

IV. Temperature and Assimilation, 

An increase in temperature has been shown to affect the rate of 
assimilation in higher plants somewhat in the same manner as it affects the 
rate of a monomolecular chemical reaction. The rate is approximately 
doubled for every increase of 10° C. Above a temperature of about 30® C. 
in assimilation experiments a second effect, the ‘ time factor^ of Blackman, 
appears, and results in a progressive fall in rate at any constant temperature 
with time. 

In the experiments here described the CO^ supply maintained was 
high, 0*5 per cent, in all experiments. Determinations were carried out at 


^ This value was obtained on the second day. 

3G 
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two light Intensitiesj high, a2,88o lux, and low, ^,^00 lux. The highest 
light intensity available, 44,000 lux, was not employed on accoiinl of the 
rapid drying-out which lakes place. A preliminary period of seven minutes 



% 

in the dark preceded the first half-hour estimation in each experiment. 
Between estimations fifteen minutes was required to alter th e temperature. 
During this period the lichen was darkened and kept ir t the usual air 
current, A further period of seven minutes in the light th on preceded the 
next half-hour estimation. ^ 

Five groups of estimations were carried out as follows 

Group I. High light. 4-5 different temperatures in rising sequience. 

IL High light. 3-4 different temperatures in varied seqAumce. 

IIL Low light. 4-5 different temperatures in rising sequA'nce. 

IV. High light. One temperature only. \ 

V. High light. Three successive estimations at each I of three high 
temperatures. \ 


The estimations in each group were repeated several The 

results are given in Table VIII and plotted in Fig. 9 a and b forlGroitps I, 
III, and V. I 

There is a steady increase in assimilation rate with a temperature rise 
from f to 20°, and a lower rate of increase to 30'^. \ 

values have been calculated from the averages of all determiffiatioiis 
in Groups I and II, and they are as follows : \ 


Temperature 

fiio 


xo'"— I s'*— 2o°—2S°-™3o° 
3-09 3-06 1*62 1-2 1*23 


These are of the same order as those found by Blackman and 
Mattbaei ( 5 ) for the cherry laurel, is 2*23 for the lichen and 

a-i2 for cherry laurel. The values, however, fall off more rapidl;^ at 




Temperature and Assimilation. 

Assimilation (mg. COg/hr. per grm. fresh wt.). Carbon dioxide cone. = 0*5 per cent. 

Group L Group II. Group IIL Group IV. Group 
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higher temperatures than do those of Blackman. Warburg found for 
Chorella a temperature coefficient falling off from 4*7 for to i-6 for 

C» This agrees with the results here put forward, which are also 
those for an alga- It is clear, however, that the primary temperature 
relation of the lichen gonidia is the same as that of a phanerogam. The 
falling off in the at and 30° C. might be explained as due to loss of 
water at these temperatures, but since the same result was obtained by 
Warburg for an alga in water culture it is more likely to be a primary 
internal effect. 

It might be thought that the lower rate of increase between 20° and 
25° C. was due to light at 22,000 lux being limiting. As, however, a further 
increase between 2 5° and 30"^ takes place this cannot be so, and it is safe to 
assume that the values obtained with 22,000 lux at 25° C. and probably at 
30® C. are limited by temperature and not by light 

In Group III (Fig. ga) at low light the curve follows a similar course 
to that at high light from when the limiting effect o£ light becomes 

very evident, preventing any rise after 1 5® C. The first experiment here 
gave low and rather irregular results, which might be attributed to poor 
material, but they are not at variance with any conclusions drawn. 

To avoid the loss of water which takes place during a prolonged 
experiment a set (Group IV) was used, employing fresh material for each 
temperature, only one determination being made. The results (though 
only based on one estimation at each temperature) show that the curve is 
approximately the same as those of Groups I and 11 up to 25® C. At 
30® C. there is a drop in assimilation, but the experiments of Group V show 
that this estimation and that at 35° C. are rather below the average. There 
is a very marked drop at 40® C. and 45® C., also confirmed in Group V. 

The last group (V) is a study of the ‘time-effect' at higher tem- 
peratures; three half-hour estimations were made over a period of about 
four hours, with the usual intervals of darkness. The values at 30® C. 
show no signs of falling off during the four hours. At 35® C. a slight fall 
occurs, but at 40® C. a very definite decrease to the compensation point is 
evident. Thus it appears that the injurious effect of temperature begins 
between 35® C- and 40® C. This is markedly higher than the temperature 
at which the time-effect sets in for cherry laurel, where the rate of failing off 
at 30® C. is much the same as that for the lichen at 40® C. 

Comparison with the other investigations on lichens may now be 
made. Only Stocker ( 29 ) and Henrici ( 17 ) have worked in this field. 
Henrici, for Peltigera, gives a rise in assimilation up to 1 5® C. only, and for 
other lichens finds a variety of curves showing maxima at different tem- 
peratures, or none at all. Stocker’s observations are more regular. The 
results on the temperature effect given here appear to be definitely at 
variance with his work, though his experiments, too, were carried out on 
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foliaceous lichens, with series of temperatures and short preliminary 
periods. He finds the peculiar double maximum curve ; the same curve 
occurs in all the light intensities with which he worked, and for both 
lichens. He gives three curves, two for Umbilicaria and one for Lobaria, 
showing a maximum at about 10° C., a minimum about 20° C», and a second 
maximum about 25° C., the compensation point being reached at 35® C. 
He observes that the second maximum is not so high as the first, the 
highest rate being about mg. for 100 sq. cm., or i*o8 for 40 sq. cm., the 
area of the fresh material generally used in my experiments. Secondly, he 
finds a minimum respiration at the minimum of assimilation (in one curve) 
which would support his view of the validity of the latter. 

In considering the validity and significance of Stocker s two maxima 
the following observations may be relevant : (i) The fact that his second 
maximum value is lower than the first in spite of the higher temperature, 
and tliat the curve on the whole shows a tendency to decrease from 
the value at lo^^C. right to the compensation point at 35° C. suggests 
a ‘time-effect’, (p) This is the more likely if it is remembered that in 
long experiments loss of water always occurs, wiiich tends to decrease the 
assimilation rate. Stocker makes as many as seven serial estimations, and 
it is not stated that the lichens were saturated with water between each. 
(3) The actual values observed are small, so that such variations as occur 
in a series of estimations would diminish the significance of the maxima 
and minima. (4) The periods of estimation were from fifteen to thirty- 
five minutes only, which tends to increase the error. (5) Most of the above 
variations or sources of error occur in each experiment, which may explain 
the similarity of all his curves. 

These facts all seem to point to the conclusion that Stocker’s double 
maximum is either not significant, or that his graphs really represent 
a variety of effects and not the simple relations between temperature and 
assimilation. 

We may therefore conclude that a steady increase in assimilation with 
rise of temperature up to the point at which the injurious effects of heat 
appear (approximately 35° C.), with consequent fall in the initial values 
and ensuing time-effect, represents the temperature-assimilation relation of 
lichens and higher plants, rather than the double maximum which Stocker 
has observed in lichens, and LundegSrdh ( 24 i), with others, in higher plants. 

A comparison may be made here between the assimilation of the 
lichen and that of the higher plants, using the maximum assimilation rates 
obtained for phanerogams by other workers. 

The mean values obtained for temperature-limited assimilation for P. 
folydactyla are: 

y 10° 15® 20® 25® 30® C. 

072 1*26 ' 2‘2I 2*82 3-07 3*4 
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For higher plants the following values have been obtained ; 

Helimttlms tuberosus 30° C. 27*3 Blackman & Matthaei. 

55 annuus 25° C. 23*0 Willstatter h. Stoll (33) 

Pruffus Laurocerasus 29*5° C. 9*7 Blackman & Matthaei 

5, 9*9 Willstatter & Stoll 

Both sets of values are calculated in milligrammes CO^/hour/per 
gramme fresh weight. The assimilation rate for the phanerogams is 
shown to be of a very much higher order, though the respiration rates, as 
compared previously with the results of Briggs for a mature sunflower, 
appear to be of a similar order. The value of such a comparison should 
not be overestimated, but the lower assimilation in Peltigera would 
seem to agree with the slow rate of growth characteristic of all 
lichens. It is certainly to be related to the comparatively small 
proportion of assimilating cells in the lichen thallus. That^th respiration 
rate is often of the same order in lichen and phanerogams is not 
strange since in respiration the much bulkier fungus symbiont is also 
active. 


Assimilation and Carbon Dioxide Concentration. 

The effect of carbon dioxide concentration on the assimilation of 
lichens has not been previously studied. Stocker assumed a direct pro- 
portionality of effect over the small range of variation in atmospheric 
carbon dioxide with which he worked. Much work has, however, been 
done on higher plants on this relation, notably by Blackman and Smith (6), 
Harder (16), Warburg (31), James (19), Boysen Jensen (7), and, much 
earlier, Brown and Escombe (10). 

F, F. Blackman regards this relation of assimilation to carbon dioxide 
concentration as lineai', an increase in carbon dioxide supply bringing 
about a proportional increase in assimilation, the graph representing this 
relation being a straight line. When, with increasing carbon dioxide supply, 
some other factor, for example, light, becomes limiting, no further increase 
in assimilation rate takes place when the carbon dioxide supply is raised. 
At this point the graph bends sharply and runs parallel to the axis of the 
abscissae. 

Later observers, Harder and Warbui'g for water plants, and Lunde- 
girdh (24) and Boysen- Jensen for land plants, obtained results which did 
not fit the theory of the single limiting factor. They found that (i) the 
graph relating assimilation -to CO^ was curved to the axis of the abscissae, 
and not a straight line; (2) that for every combination of light and CO^ 
a rise of assimilation could be obtained by increasing either factor, so that 
a series of curves, each rising more steeply, was produced ; and (3) they also 
state that the action of all the factors is not the same, but that the 
influence of the factor in relative minimum is the greatest According to 
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Harder, the graph relating assimilation to COg supply consists of two main 
branches. With CO^ low, an increase in this factor has a large effectj the 
relation being nearly linear; where COg is high, light is relatively in 
minimum, and an increase in CO2 concentration has only a small effect. 
The two branches of the graphs do not meet at a sharp angle but through 
a curved portion, indicating a region where both COg and light have 
considerable effect, 

Maskell ( 26 ) agrees that more than one factor may affect the process 
at the same time, and devises a series of graphs to show how results like 
those of Harder may be produced by a consideration of the effects of the 
various resistances to the diffusion of COg, and the interaction between 
light and COg at the chloroplast surface. The explanation given by 
Warburg depends on his theory of the nature of the photosynthetic 
chemical changes. Maskell sums up the situation by suggesting ‘that the 
diverse types of interrelationship exhibited by the results of Blackman and 
Smith for Elodea, and of Harder and Warburg for water plants, may all be 
particular cases of a more general scheme 

The particular interest of the lichen arises from the fact that it is 
a land plant in which the complication introduced by stomatal movement 
does not exist, that is, there is no stomatal resistance to the diffusion of 
COg. The assimilating cells lie in a loose network of hyphae separated 
from the atmosphere only by interhyphal moisture on the under surface, 
though the upper surface is more compact. 

In the following experiments the effect of various COg concentrations 
was investigated and the relation of the supply through upper and lower 
surfaces. Two light intensities and two temperatures only were used, so 
that no detailed series similar to that of Lundegardh ( 24 ) could be obtained. 
The effects produced, however, seem quite definite. 

Experimental Work, 

A fairly wide range of carbon dioxide concentrations was used, from 
0*6 mg. to 16 mg. per litre. The different concentrations were obtained by 
changing the strength of the acid dropping into the carbonate tower, con- 
centrations N/300, N/150, N/75, N/50, N/38, being used. Laboratory 
air provided the lowest concentrations. 

In each experiment five estimations of half an hour were made in 
various concentrations of CO2. A temperature of 2,0"^ C. was adopted, as 
for the light experiments, and illumination of iZa,88o lux for one set of 
experiments was followed by a set at low light intensity, 5,600 lux. Two 
further experiments were also carried out at a temperature of 25° C., one 
for each of the two light intensities. 

The results are given in Table IX. Graphs for each experiment at 
C. are shown in Fig. 10 <12, and two composite graphs, o^e for 
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light and one for low are plotted in Fig. lo b. The concentration of COg 






Fig. 10. Carbon dioxide supply and assimilation of P. polydactyla. id) Graphs of individual 
experiments. (Jd) Composite graph for all experiments. 

in the chamber is not taken as that entering but is calculated from the 
formula. ^ ^2 

iog«( 0 /Q’ 

where and are concentrations before entering and after leaving the 
leaf chambers respectively. 

The values for one twenty-minute period experiment at high light, 
and 20° C. are unusually high, but the course of the graph corresponds to 
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that of the others, and the difference must be referred to material The 
series at C» shows higher values than those for the other three series in 
high light, and indicate that these are temperatiiredimited. 


Table IX. 


Assimilation of P. polydactyla, and Carbon Dioxide Concentration, 

Assimilation is given as mg. CO^ per grm. fresh wt. per hour ; carbon dioxide 
concentration in mg. per litre. 


Assim. 


CO, 

cone. 


Assim. 


CO, 

cone. 


Assim. 


CO2 

cone. 


Assim. 


COg 

cone. 


(a) High 

Light 

22,880 lux 
Temp. 20° C. 


April 14. April 15. April 16. April 17. 


I- 2 I 

1-23 

1-36 

1-44 

1*55 

1*47 

0*57 

0-27 

2-24 

2*12 

2*28 

2-20 

2*59 

3*05 

2*09 

1*57 

2-63 

4-19 

2-85 

3 * 7 S 

2*75 

5*53 

2*42 

3*97 

— 

— 

3-54 

6*01 

2-59 

7*04 

2*40 

6-72 

— 

— 

3*44 

13*39 

3*02 

10-82 

2-o8 

12-85 


[b) Low 
Light 
5,000 lux 


April 23. 
1*20 1*63 

1*23 3-12 


April 27. 
0*80 1-15 

0*75 2*07 


April 29. 
0*42 0*94 

I ‘00 I ‘97 


Temp. 20^ C. 

1-27 

5-28 


1*21 

7-84 


1*63 

14-84 

{€) High 

April 30. 

Light 

1-88 

1-28 

Temp. 25° C. 

3*11 

4*36 


3-29 

6-67 


3*10 

14-07 


0*88 3-32 

1-27 

3-26 

0-83 7-89 

1-26 

7.71 

I-2I 15-39 

1.25 

15*37 

Low 

April 25 

Light 

0-34 

0-49 

Temp. 25° C. 

0-90 

I-I 7 


I-I 2 

5*13 


0-94 

8*21 


I-4I 

16-31 


Results, 

The relation shown by the graphs of single experiments is the same 
throughout, the tendency being showm more clearly in the composite graphs. 
At low CO 2 concentrations there is a linear relation between CO^ and 
assimilation rate ; at high COg concentrations the graph is parallel to the 
axis of the abscissae, and here light is clearly limiting. As there is no 
sharp inflection in either, there is a region in which light and carbon dioxide 
concentration both affect the assimilation rates. There is an indication 
that the high-light graph lies above the low-light at low concentration, in 
agreement with the observations of Lundegirdh (24), but the number of 
estimations is too small to allow a definite conclusion to be drawn. 

The graphs illustrate the limiting effect of carbon dioxide in low con- 
centrations and of light or temperature at the high concentrations, but 
there is undoubtedly an intermediate range not explained by the action of 
a single limiting factor. 
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Water Content and Assimilation. 

It is generally accepted that in both the higher and lower plants 
decrease in water content lowers the rate of assimilation as well as that of 
respiration, Dastur (12) and Plantefol (27) found a rough proportionality 
in phanerogams and mosses, though employing widely different methods 
of estimation, Walter (30), using water plants immersed in sugar solution 
of different strengths, also found that the assimilation intensity is pro- 
portional to the water content of the ceil-sap which he supposes to affect 
the water content of the plasma. Jumelle finds a similar relation for lichens, 
with maximum assimilation rate slightly below the maximum water content, 
StockePs results agree with Jumelle’s, but his assimilation maximum occurs 
at a lower water content. 

Method. 

Five estimations on the same lichen were completed during one day, 
covering the whole range of water content, the lichen being partially dried 
out between the estimations. Single half-hour estimations were made for 
each water content, and ' high ’ light (a 2 , 88 o lux) and high COg {i% mg. per 
litre) were used, with a temperature of C. Four sets were carried out 
in this way, and the results are given in Table X and Fig. ii. The assimi- 
lation is calculated as mg, COg per grm. of the original fresh weight. 

Table X. 

Assimilation ofP, polydactyla and Water Content, 


Light 22,800 lux,, temp. 20® C., carbon dioxide 12 mg. per litre. 


Date. 

Assimilation (percentage 

Water content (percentage 

of value at saturation). 

of valuation at saturation). 

March 10 

lOO'O 

100*0 


26*4 

50*2 


~6*i 

22*7 

March 12 

100*0 

100*0 


100*5 

82*4 


43*4 

55*2 


11*5 

33*1 


11*5 

19*6 

March 17 

100*0 

xoo-o 


89*6 

72*5 • 


55*5 

6 o*3 


2*9 

33*2 


- 0*5 

16*9 

March 19 

100*0 

100*0 


75*0 

74*5 


58-4 

49*4 


15*6 

30*2 


— 11*5 



Fig. II shows that the results are more regular than those for respira- 
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tioH; and clearly indicate a linear relation between water content and 
apparent assiniilation* With increasing water content the maximum assimi- 
lation rate seems to be reached between 8o per cent, and 90 per cent, of the 
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Water content as %, oF saturation value 

Fig. II. Water content and assimilation of P, polydactyla* 


maximum water content, at about the same value, that is, as the maximum 
respiration rate. Here again there is no indication of a decline at higher 
water contents. Assimilation falls off more rapidly than respiration, with 
the result that below 30 per cent, saturation respiration is more active, and 
evolution of carbon dioxide takes place even under favourable conditions 
of light, temperature, and carbon dioxide supply. 

The Permeability to Carbon Dioxide of the Upper and Lower Surfaces of 

the Lichen. 

A number of experiments were carried out to determine whether there 
is any difference between the rate of supply of COg through the upper and 
lower surfaces of the lichen. 
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Method. 

It is not possible to compare the absorption of upper and lower surface 
of the lichen simultaneously, as Blackman succeeded in doing for phanero- 
gams, because of the small area and irregularity of the lichen thalliis. For 
each experiment, therefore, a sample of about six lobes of thallus was 
chosen, and ' each piece cut in half. The assimilation of the two sets of 
half-pieces thus produced was estimated separately by the usual method of 
the single half-hour period exposure to light, (light intensity, lux ; 

temperature 20° C.) The lower surfaces of one set were then vaselined 
and an estimation made of the assimilation in this condition, followed by 
a similar estimation of the second set, with the tipper surfaces vaselined. 
In order to vaseline the under surface satisfactorily the rhizoids had to be 
cut off completely. The pieces were therefore laid across glass rods in the 
leaf chamber to ensure circulation of the gas beneath as efficiently as 
above them. 


Table XL 

Carbon Dioxide Supply through Upper and Lower Surfaces of 
P. polydactyla. 

Light 22,800 lux., temp. 20° C. 


High CO2 - 

12*23 litres 

low CO2 = 3*37 mg. 
Assimilation in 

per litre. 
Assimilation as 

Date and CO2 

Surface. 

mg. COg/hr./grm. 
fresh weight. 

percentage 
of both free. 

May 19 

Both free 

2*86 

100 


Upper free 

2*68 

93-8 

High 

Both free 

2‘88 

100 

CO2 

Lower free 

271 

94*1 

May 20 

Both free 

276 

100 


Upper free 

2*23 

807 

High 

Both free 

2*44 

100 

CO2 

Lower free 

2*07 

84*8 

May 23 

Both free 

I '97 

loo 

High 

Upper free 

1*96 

99.6 

Both free 

3 *o 6 

100 

CO2 

Lower free 

1*82 

88-3 

May 21 

Both free 

1*78 

100 


Upper free 

0*90 

50*4 

Low 

Both free 

173 

loo 

CO2 

Lower free 

1*66 

95'9 

May 22 

Both free 

2*00 

100 

Low 

Upper free 

0*97 

48*6 

Both free 

1*87 

100 

CO2 

Lower free 

1*88 

100-5 


In this way the closest possible approximation to estimations on the 
same lichen was obtained. The results are given in Table XI for three such 
experiments in high CO^ concentration (o 4 per cent, by volume), and two 
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experiments in low CO2 concentration (o-a per cent by volume), which has 
been found to be limiting in the light intensity used. The low-concentra- 
tion estimations were included because it was thought that the efficiency 
of the absorption by the single surface might not be the same in all con- 
centrations of the gas. 

With CO2 in excess the lichen with free upper surface assimilates on 
an average 91*4 per cent, of the rate of that with both surfaces free, with 
the lower surface 9^-4 per cent. ; the two surfaces are equally effective. 
With low CO2 the figures are 49*5 per cent, and 98 per cent. ; the upper 
surface is thus half as effective as the lower. 

This shows that under normal conditions the supply through the 
lower surface is much more efficient, and this will be the more important 
in nature as the lower surface is in close contact with the soil, moss, or 
dead organic matter, and, as Feher ( 13 ) has shown, is probably bathed in 
an atmosphere relatively rich in carbon dioxide. 

Through the lower surface carbon dioxide supply takes place by 
gaseous diffusion right to the gonidial layer, while through the upper surface 
diffusion must take place through a liquid phase several cells deep. In 
high concentration of carbon dioxide diffusion in the liquid phase is 
evidently sufficiently rapid to maintain the maximum concentration neces- 
sary in the assimilating cells, but in low concentration this is not possible, 
and the advantage of the more rapid diffusion in the gaseous phase becomes 
apparent. 

Ecological Observations. 

Environmental Factors and Water Content, 

In August, September, and October 1929 a series of observations was 
made in the field with the object of gaining some knowledge of the manner 
in which different factors control the activity, especially the photosynthetic 
activity of the lichen in nature. An area, measuring about ao yds. by 
5 yds., was chosen in a clearing of an ash-oak wood in Cleeve Combe, 
Somerset, The area consisted of a sloping bank on the north side of the 
combe. One part was quite open, and the lichens grew on a substratum of 
loose stones which were often covered by a thin layer of moss. Another 
part was shaded by a fir-tree, and the remainder consisted of moss-covered 
soil sheltered in places by shrubby or herbaceous plants. In this area six 
different stations were selected, covering the range from complete exposure 
to complete shadow, and from each collections of lichen for determinations 
were made. The lichens were placed in stoppered bottles and the moisture 
content determined subsequently in the laboratory. 

Collections were made at i r.30 a.m,, p.m.,and 5.30 p.m. on five days 
selected to give a variety of meteorological conditions, the nature of which 
is shown in Table XIL Periodical records were made of temperatnre 
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ill the sun, light intensity, and atmospheric humidity. Light ivas measured 
by a Bee meter (cf. Bracher (8)) and humidity by a wet and dry bulb 
thermometer. 


Table XII. 


Weather Conditions during Ecological Observations. 


Date of 
observa- 
tions. 

Weather on 
previous day. 

Weather on same 
day before 
experiment. 

Weather during 
experiment. 

Temperature 
in open. 

Max. Min. 
® C. ° C. 

October 2 

Heavy rain in 
night 

% 

Steady rain till 9 
a.m. 

Cloudy, a little 
sun, shower at 
1.25-2 p.m. 

17 

14 

August 23 

Rainy 

Some rain before 

8 a.m. 

No rain, cloudy 
with some sun 


17-2 

August 29 

A few thunder 
showers 

No rain but woods 
still damp 

Sunny till 4 p.m. 
then dull 

44 

(in the 
sun) 

17*0 

,, 26 

No rain 

No rain, mist be- 
fore 8 a.m. 

No rain, sunny 

41 

(in the 
sun) 

20.2 

September 9 

Drought for a 
week 

No rain, mist be- 
before 8 a.m. 

Sunny, light 
clouds after 

3-30 p.m. 

45 

(in the 
sun) 

i9«o 


The data are plotted in Fig. 12. In addition to relative humidity the 
saturation deficit (saturation vapour pressure, less observed vapour pressure) 
is given. Light intensity is plotted in arbitrary units ; direct sunlight at 
noon is taken as twenty. Each vertical line in the bottom section of the 
diagram represents the water content of one sample of P. canina^ the six 
lines in a group corresponding to the six stations. The sample from the 
most sheltered station is on the left hand, that from the most exposed on 
the right The difference in water content between the different stations 
of each collection is that shown by the lines of a single group: the 
difference in water content at different times and dates is shown by the 
different groups. Figures were also obtained for P. polydactyla^ but as 
they give no additional information they have not been plotted. 

It will be seen that it is only for a short time after heavy rain that the 
lichen is saturated with water. On October 2, with rain until 9 a.m., water 
content of 286 per cent, and 291 per cent, was reached. On August 23, 
when rain ceased before 8 a.m., the values are appreciably lower. On the 
latter day, though there was little sun, the water content fell off during the 
day, especially in the more exposed stations. Even on October 2, with 
low temperature and showery vi^eather, a definite fall took place, if one 
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sample with an abnormally high water content is disregarded. In the more 
exposed stations the water content is always lower than in the more 
shadedj but it should be noted that the first sample was collected rather 
late, at 11.30 a.m. 

The collections of August ap show the advantage to the lichen of the 
shaded position, the most shaded lichen retaining a good supply of water 
throughout a sunny day after being wet the previous night. In exposed 
stations the water falls to minimal values of about 10 per cent. The 
collections of August and September 9 were made under drought con- 
ditions, Both days were preceded by misty nights, and on August %6 an 
initial water content of over 200 per cent, was recorded. This is more 
than the lichens absorb from a saturated atmosphere, and it may be 
assumed that mist, like dew, is an efficient source of supply. After a week 
of drought, however, the highest water content towards noon is only about 
one-third of saturation value, and exposed lichens are nearly air-dry in the 
afternoon. 


The Factor Co ft trolling Photosynthesis^ 

Although it is now known that the theory of limiting factors does not 
give a complete account of the relations of external factors to photo- 
synthesis, it is still true that in nature that process is often limited by 
one factor. 

From the experiments on the carbon dioxide relation it can be 
gathered that with COg at 0-04 per cent (o*8 mg. per litre), a value of the 
order commonly found near the soil in woods, assimilation takes place at 
the rate of about i mg. per grm. fresh weight per hour at a temperature of 
20® C, while at 25° C the value is about 1-4 mg., and at 15° C. it is 0-7 mg* 
The rate at 20° C. requires a light intensity of 3,500 lux. During fine 
weather in summer light intensity is as low as this only late in the evening. 
On August 29 such an intensity was reached after 5 p.m. ; on the two 
other fine days not until after 7 p.m. On those fine days the temperature 
in the sun was always over %d^ C. In such weather, therefore, we may 
safely conclude that so far as external factors are concerned the con- 
centration of carbon dioxide in the atmosphere limits the rate of assimila- 
tion. On the two days of wet weather, when the sky was overcast, there 
were considerable periods in the middle of the day when light intensity fell 
to about this value or rather lower. As, however, the temperature was 
also lower, fluctuating on October 2 about if C., the maximum possible 
assimilation must also have been somewhat low. In wet and cloudy 
weather in summer it is therefore likely that assimilation takes place at 
a rate which is approximately maximal, for both the light and the carbon 
dioxide available, sometimes the one and sometimes the other, will limit 
the rate. . 
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Turning to the question of water contend we find from Table X that 
at C. an assimilation rate of i mg. CO2 per grm. fresh weight per hour 
can be reached only when the lichen contains about 50 per cent, of its 
maximum water capacit}^ or about 150 per cent, water. During the wet 
weather period this value was maintained throughout the day, but during 
the dry weather only the most sheltered sample had so high a water 
content ; for after rain on the previous day most samples contained much 
less. After a day’s drought no sample held so much water after noon. 
Most samples in dry weather retain less than 30 per cent, water throughout 
the greater part of the day, and this is the content below which respiration 
is more active than assimilation. -Though no data are available for the 
early morning hours, it is very probable that higher water contents prevail 
then, and, in fine , it can only be in the early morning that 

a balance of assimh^' to Mier respiration obtains for Peltigera. 

It is, of of the that in discussing the ecological relations no 

great exactitude but it seems legitimate to draw the conclusion 

that the most favourable condition for assimilation of Peltigera in summer 
is dull, moist, or actually wet weather, when the lichen can function to the 
maximum capacity allowed by the prevailing concentration of carbon 
dioxide and of light. In fine weather a partial recovery of water content 
during the night may allow an assimilation balance to occur in the early 
morning ; during the major portion of the day, however, lack of water will 
either limit assimilation or cause a deficit through respiratory excess. 

Summary. 

I. Water Relations. 

The graph expressing the rate of drying out of Peltigera is similar in 
form to that for an agar gel. 

The lower surface of the Peltigera thallus loses water more rapidly 
than the upper; this is due to the greater evaporating area of the lower 
surface, and not to the presence of any protective structure on the upper 
surface. 

The lichen absorbs water from a saturated atmosphere, but only 
71 per cent, of the saturation water content is thus reached. 

An air-dried lichen retains about 5 per cent, of the saturation water 
content ; if dried over calcium chloride, 3-4 per cent. 

IL Respiration. 

The rate of respiration between 10® C. and 30^ C. increases with the 
temperature. 

The temperature coefficient for 10° C. is about 1*5. ^ Even at, lower ; 
temperatures a falling off in rate occurs during an experiment lasting five 

3H 
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hours. This may be due to loss of water or to diminution of food 
substances. 

At 45° C. the initial rate is less than at 30° C.j and a very rapid falling 
off, due to a ‘ time-effect \ occurs. 

The rate of respiration increases with w^ater content up to the saturation 
point. The relation of rate to water content is approximate!}' linear. 


III. A ssimilation. 

The rate of assimilation increases with light up to about 2 a, 000 lux, 
with the compensation point approximately at 500 lux (temperatures C. 
and 0-6 per cent. COg concentration) when the temperature becomes 
limiting. The falling off in the rate of increase of . ."similation with light 
is gradual, giving a curve similar to that 
Clilorella. f 

The assimilation rate increases with -temper^. 


by Warburg for 
bettveen 10° C. and 


35° C. The temperature coefficient for 10° C. is 3^%*^Aween 10° C. and 


15° C and falls to 1*133 between 25° C. and 30° C., and is approximately 
unity between 30° C. and 35° C. 

A time-effect first becomes evident at 35"^ C., and is veiy marked at 
40° C. and 45° C. 

No evidence of a double maximum, such as has been observed by 
other workers, was obtained. 

Assimilation rate increases with rising water content, the relation 
being approximately linear. Maximum assimilation rate occurs at satura- 
tion water content and no evidence of a maximum at a lower water content, 
such as was observed by Stocker, has been obtained. 

Data were obtained for the relation of assimilation rate to carbon 
dioxide concentration at two light intensities. At high light intensity the 
relation corresponds to that found by Warburg for Chlorella. At low 
light intensities there is a definite light-limited effect. The graphs 
expressing these relations are compared with those constructed by Maskell 
for the cherry laurel leaf. 

In low carbon dioxide concentrations, carbon dioxide supply through 
the upper surface, as measured by assimilation, is only 50 per cent, of that 
through the lower; in high concentrations the supply through either 
surface is sufficient for an assimilation rate approximately 90 per cent, of 
that when both surfaces are free. 


IV. Ecological Observations, 

In nature maximum water content of Peltigera is reached only after 
lieavy rain. 

Even after heavy rain with a saturated substratum, water content falls 
during the day, the i‘hizoids not maintaining an adequate water supply* 
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In showery weather lichens in sheltered positions maintain a high 
water content ; in the open, water loss is rapid and severe. Early morning 
mists and dew are important sources of water supply^ 

The water content in dry weather may fail to 5 per cent of the 
saturation value. 

Carbon dioxide assimilation in nature must usually be limited by 
carbon dioxide supply or by water content of the lichens. It is only after 
heavy rain that the lichen can for a brief period develop its full assimilation 
capacity. 

I should like to express my thanks to Professor O. V. Darbishire for 
suggesting this problem, and to Dr. Macgregor Skene for all the helpful 
advice and criticism which he has given throughout the course of the work. 
I am also indebted to Mr. M. G. Bennett of the Physics Department for 
the determination of the values of the light intensities employed in the 
assimilation experiments. My thanks are also due to the Colston Research 
Society for a grant defraying part of the expense of the work. 
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NOTES. 

NOTE ON THE ‘ SPORES ' OF SCHUETZIA BENNIEANA (KIDSTON).— 

This Palaeozoic fructification which is described and figured by Kidston^ on p. 424 
and PL cvii. Figs. 7-13, was regarded by him as an aggregate of pollen sacs. The 




Figs. 1-3. i and 2 show a single tetrad as seen in two successive sections. The line on right is 
19 in length. 3 shows a tetrad complete and drawn to same scale as Figs, i and 2. 

present Note revealing more of their structure and the presence of tetrads of small 
spores 20 /X across, sheathed in cuticular envelopes, is put forward as a contribution 
to the evidence against Schuetzia being a pollen-apparatus. 

The discovery is due to Dr. Halle’s new method of treating the incrustations of 
fossil plants of the Primary Rocks. Halle describes his new technique on pp. 5-7 
of his recent Treatise.^ It is sufficient for the present Note to state that he has 
found a means of softening the carbonaceous matter sufficiently to enable him to 
embed the material and section it with a microtome. As he justifiably says : — ‘ the 
sections will be found in several cases to provide information on the arrangement of 
the sporangia which in material of this kind could be obtained by no other method L 
Kidston has figured the ‘ spores " he found in Schuetzia under two different 
magnifications — in his article those in Fig. ii are magnified seven times and those 
in Fig. 13 are x 200. This has, I believe, given rise to the statement that he found 
‘ small spores L All the spores described by Kidston are large, for they are from 
50-70 /X across. 

^ Kidston, R. : Memoirs of Geol, Survey, Great Britain, ii, 1924. 

® Halle, T. G. : The Structure of Certain Fossil Spore-bearing Organs believed to beloiig to 
Pteridosperms, KungL Svenska Vetenskakademiens Handlingar Tredje Serien. Band 1 2, Woi 
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We are then confronted with the problem of two types of spore occurring in one 
fructification, and that fructification hitherto ahvays interpreted as a pollen synangiiim* 
As this is no longer a possible interpretation of Schuetzia^ it is suggested that the 
fructification is of ovular nature and that the tetrads of small spores (20 /x) gave 
rise on germination in slightly older stages to embryo-sacs (Kidstoir s ^ spores ^). 
This interpretation is consistent also with several new specimens of these fructifica- 
tions which are found bearing seeds in considerable number. A description of the 
latter is shortly to be published. 

M. BENSON. 

THREE METHODS OF USING COTTON BLUE AS A MYCOLOGICAL 
STAIN,-— Cotton blue has frequently been advocated as a stain for fungal hyphae. 
The stain may be incorporated either in glycerine or lactic acid, and the material to 
be examined mounted in the coloured liquid or, after staining, transferred to glycerine 
jelly. When a solution of cotton blue in lactic acid is used as a mounting medium, 
general morphological structures are very clearly differentiated. In the following 
article three methods are described which may be employed in preparing permanent 
preparations of mycelium m situ or in the direct examination of fungal hyphae in 
woody tissues by means of vertical illumination, 

(i) Cotton blue is a favourable general cytoplasmic stain for all Phycomycetes? 
and may well be employed to study the early stages in the formation of the sexual 
organs of oomycetes growing in culture. The following method has given particu- 
larly successful results. 

A clean microscope slide is sterilized in a Petri dish which is then filled with 
about 30 c.c. of clear agar medium. This produces a thin layer over the surface of 
the slide which should be arranged so that the centre of the slide coincides with the 
centre of the Petri dish. The medium is now inoculated and incubated. After 
a suitable period the mycelium in the agar may be stained after fixation with i 
per cent, chromo-acetic acid. The best results have been obtained by placing 
a Petri dish containing the fixative in the incubator, and when the fluid is warm 
transferring the thin layer of agar with its supporting slide to the fixative. The slide 
and agar may be easily dislodged by cutting round the edge of the slide with a scalpel 
and prising it up from the bottom of the dish. Allow the mycelium to fix for 
24 hours at incubator temperature, and then wash thoroughly in gently flowing 
water. When free of fixative the slide and agar may be placed in 10 per cent, 
glycerine w^hich is then allowed to concentrate to the strength of Amann’s medium. 
This latter is prepared by dissolving in order, 

Carbolic acid crystals 20 grm. 

Lactic acid syrup 20 „ 

Distilled water 20 „ 

Glycerine (pure) 40 „ 

Transfer the agar film to a small quantity of this medium in which 0^5 percent, 
of cotton blue has been dissolved^ Stain for from 6 to 24 hours, according to the 
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nature of the fungus employed, and then differentiate in several changes of Amann^s 
medium till no further colour is removed from the hyphae. Transfer to 70 percent, 
alcohol to wash out the Amann’s medium, and bring up through 95 percent, alcohol 
to dehydrate in absolute alcohol. If these stages are carefully carried out the agar 
will still adhere to the slide. Transfer from absolute to 1/3 xylol in 2/3 alcohol, to 
2/3 xylol ill 1/3 alcohol, and finally clear in pure xylol. When clear, infiltrate the 
preparation with balsam dissolved in xylol, and allow the excess balsam to drip off 
the slide. Trim up the edges of the preparation and cover with a large (2 in. X 7/8 in.) 
cover-glass. 

Preparations made in this way give very good results, and if fixation and 
differentiaion have been thorough, nuclei may be defined by their more intense blue 
colour. The stain is permanent for at least four years, even if the slides are regularly 
exposed to light. 

The method may be used to investigate early stages in the formation of certain 
perithecia and pycnidia, but in most cases of this kind the erythrosin staining method 
described by Gwynne-Vaugban and Barnes has given better results. 

(2) The differentiation of fungal hyphae penetrating through woody tissues can 
be secured by staining them with cotton blue and counterstaining the xylem with 
safranin. The method described here works equally well with fresh or fixed hyphae 
and tissue, and may be used to advantage in demonstrating the presence of fungal 
mycelium in structural timber. 

Thin sections of infected tissue are placed in a slightly warm 0*5 per cent, 
solution of cotton blue in Amann's medium for 5 to 15 minutes. The excess stain 
is removed by washing in one or two portions of Amann’s medium, which is then 
removed by washing in 70 per cent, alcohol. Transfer the sections from this to 
a solution of safranin (equal parts of a saturated solution of water-soluble safranin 
and of a saturated solution of alcohol- soluble safranin). Allow to stain for about 
10 minutes. Wash out most of the excess stain in 70 per cent, alcohol and transfer 
the sections through 95 per cent, alcohol to absolute alcohol. After dehydration 
clear in xylol and mount in balsam. 

The protoplasm of the hyphae stains a brilliant blue colour, contrasting with the 
red of the xylem. Differentiation is sufficiently marked to yield preparations which 
can be photographed, and in many cases penetration of the walls of tracheae can easily 
be observed. 

(3) The examination of superficial mycelium by means of low-power objectives 
using vertical or direct illumination has regularly been employed in mycology, but 
a similar method of investigating the presence of hyphae upon cut surfaces of 
infected tissue, and especially timber, has not become a routine practice. This is 
partly because the normal illumination employed limits the power of objective which 
can be utilized, and partly because the hyphae are not easily differentiated from the 
host tissues. By using the Ultropak ^ vertical illuminator, after a pretreatment of the 
cut surface of the infected tissue with cotton blue, fungal hyphae can be observed 
under the highest dry objectives, and even under oil immersion objectives. 

The method described below has been employed chiefly with woody steins ?thd 

^ Made by Messrs. 'E. Leitz,' ' 
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structural timber^ storage organs and fleshy fruits, but it may well be extended to 
herbaceous stems. The infected block of tissue is split through the middle in 
a, radial direction and the cut surface smoothed off with a sharp razor. The pre- 
pared surface is then immersed in slightly warm cotton-blue solution in Amaiiii^s 
medium {a 0-5 to 1*0 per cent, solution) for about 10 minutes, and the surplus stain 
is then washed away in Amann’s medium. The block is now placed on a micro- 
scope slide and the prepared surface covered with a cover-glass. In the case of 
wdody tissue the infecting hyphae are differentiated by their blue colour against the 
white of the background, while in storage organs the hyphae are more intensely blue 
than the general ground tissue. 

Under a low power this method can be employed in a qualitative manner to 
indicate the degree of penetration of fungi inoculated on the surface of wood blocks, 
storage organs, or fruits. It has been employed to demonstrate the effectiveness of 
commercial timber preservatives in preventing the attack of wood-destroying fungi. 
The great asset of the method is the speed with which numerous routine examina- 
tions can be carried out. 


CHAS. G. C. CHESTERS. 


Department of Botany, 
Birmingham University, 



A Preliminary Contribution to the Structure and 
Development of Coenogonium Linkii. 


BY 

JOHN S. KARLING. 

{Columbia University 

With Plates XVI to XVIII and nineteen Figures in the Test. 

T O students of the Thailophytes one of the most striking appearances 
of plant growth in tropical regions is the green bract lichen Coeno- 
gonium. Its presence aioiind small saplings, twigs, vines, and on the bark 
of large trees, together with the concentric zonation and habit of growth, 
remind one at once, except for the brilliant chlorophyll green colour, of the 
bracket fungi. This lichen has been observed in great abundance near the 
ground in all parts of Biitish Honduras from the Oiange Walk to the Toledo 
district, and in southern Mexico and the Peten district of Guatemala ; and 
because of its striking appearance the writer was led to a study of the con- 
stitution, morphology, and general life-history of this organism. It occurs 
abundantly and is particularly conspicuous during the rainy season, but in 
the dry period from January to June it becomes less evident as a result of 
the extreme desiccation to which it is subjected. Coenogonium Linkii^ as 
described in the literature, occurs generally throughout the tropics on 
mosses, vines, twigs, and the bark of trees in damp places, and in view of 
its wide distribution and characteristic appearance it is remarkable that 
this lichen has not received more intensive study. The majority of studies 
up to the present time have been primarily systematic and relate largely 
to dried herbarium material. 

The present study was made during the period 1927-313, spent by the 
writer in tropical America directing the Chicle Research Project of the 
Tropical Plant Research Foundation. Except for the sections of apothecia 
and pycnidia, the data here given relate entirely to living materiaL C* 
Linkii appears to withstand considerable desiccation without injury, and 
for this reason it has been relatively easy to transport in the living condition 
to the States for intensive study. The algal constituent grows fairly well 
on Detmer’s agar and can be transferred directly to this medium. Foreign 
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algae and fungi which might be introduced in transfer grow veiy slowly, 
and have not been a serious handicap. In this condition the alga has been 
kept growing in the laboratory for more than a year. Seedlings of various 
kinds with the lichen attached were also imported and planted in the 
tropical greenhouse at Columbia University, and under such humid and 
warm conditions C. Lmkii has grown remarkably well. 

Literature Review. 

The literature dealing with Coenogo7iium^ and particularly with its 
algal constituent, is extensive, and has been amply brought together by 
Zahlbruckner (97). A detailed review would thus doubtless be superfluous, 
but in view of the fact that this lichen is very similar in superficial appear- 
ance to, and has been confused with, Cora pavofiia and Dictyonema sericeum^ 
tropical Hymenolichens, it seems, none the less, worth while to review the 
essential data on structure and development. The family Coenogoniaceae 
is generally included with the Ascolichens, and according to Hue (B8), 
Engler and Prantl (97), Smith (80, 81), Wainio (86), Zahlbruckner (98), 
Engler (99), and others, consists of approximately thirty species, varieties, 
and forms widely distributed throughout the tropics and occurring sporadi- 
cally in the warmer and humid regions of the temperate zones. 

The genus Coenogonium was established by Ehrenberg in 1820 on 
material collected in Brazil with C. Lmkii as the type species. Ehrenberg 
gave small but excellent figures of the thallus, apothecia, asci, ascospores, 
and filaments of the algal constituent. Additional studies by other licheno- 
logists soon substantiated his classification of this plant as a lichen. In 
1851 Montagne (54) described a variety of C, Linkii^ var. Leprieurii from 
material collected by Leprieur in Guiana during the period 1835 to 1849. 
He placed Coemgonmm in the family Collemaceae which was made synony- 
mous with Fries’ Byssaceae. Later (1857) he added another species, 
C. Tuckermani^ from Venezuela. In 1857 K. Muller added a new species, 
(7. Echimt-s from Brazil, and two years later Nylander described two addi- 
tional species, C. complexum and C. confervoides^ from Bolivia, Tahiti, and 
other islands of the South Seas, and included Coenogonium in the tribe 
Lecidinei. In 1860 H. Karsten described another species, C. andinum^ 
collected in Venezuela, and gave excellent figures of the structure of the 
thallus and apothecia. His description of the development of the disco- 
carps, however, was so fanciful and hypothetical that he was at once dis- 
credited. Karsten compared the young apothecium to an archegonium 
and described fecundation as taking place in the same manner as in the 
cryptogams in general. It soon became obvious from subsequent studies 
that what he mistook for the rudimentary apothecium is merely a young 
globular branch of the filamentous gonidium, Trentepohlia, and that the 
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cortical envelope of surrounding filaments which he believed contained 
spermatia and functioned perhaps as antheridia is but mycelium. Karsten’s 
contentions were shortly attacked and completely discredited by Schwen- 
dener ( 76 , 77 ) and Nylander (66). Schwendener (76) described and figured 
several stages in the development of the young apothecium to complete 
maturity and showed its relationship to the gonidia. His figures are rather 
small, but they show, none the less, that the branches of the gonidia are not 
concerned in the formation of the apothecia, and may merely become 
enveloped in the process. Nylander (67), in 1862, in addition to pointing out 
the misrepresentations of Karsten, monographed the genus describing ten 
species, five of which were new. Bornet (4) gave an excellent description of 
the gonidia of lichens in 1873 illustrated their relation to the fungus 
constituents in detail with beautiful coloured plates. Among his descrip- 
tions and figures is C, confervoides^ which is shown to be composed of fila- 
ments of Treniepohlia enclosed in a sheath of closely applied, branched 
and anastomosing fungus filaments. 

The remaining studies on Coenogoniumy with the exception of those of 
Hariot (32), Reinke (73), GlUck (28), Simmer (79), and Smith (80), have for 
the most part been primarily systematic, and little further fundamental 
data on structure and development have been added. Thwaites (82), K. 
Miiller (64), Tuckerman (83, 84, 85), Hooker (37), Leighton (48), Willey (93), 
Nylander (68), Krempelhuber (43, 44, 45), Bailey (1), Mobius (53), J. 
Muller (56, 57, 58, 59, 60, 61, 62, 63, 64), Wainio (86, 87, 88), Hue (38), 
Hellbom (35), Smith (80, 81), Lindau (49), Zahlbruckner (95,96, 97, 98,99, 
100, 101), and others have added new species, or listed and redescribed old 
ones from various tropical and temperate zones throughout the world. 

The thallus of C, pavonia and Z7. sericeuniy Hymenolichens which also 
occur around twigs, branches, vines, saplings, &c., in tropical regions, is 
closely similar in external appearance to that of Coenogonium* It is 
usually round in contour, somewhat saucer-shaped and felt-like, concentric 
in growth and blue-green in colour, and is also closely similar in general 
appearance to the bracket fungi. In fact, Woodward (94) expressed the, 
belief that C. pavonia belonged to a new genus of fungi close to Pdyporus 
versicolor y and Johow's figures (39) likewise strongly emphasize this bracket- 
like appearance. For these reasons Cora and Coenogonium were doubtle^ 
confused by Nylander, a fact which led to considerable subsequent contro- 
versy. Fries (25) established the genus Cora in 1825 to include forms which 
had been classed with the algae in the genus Vlvay and placed it in the 
family Byssaceae near the genera Lichinay Ciliciay CoenogoniuMy &c. 
Nylander (66) was one of the first to observe the presence of gonidia in 
this plant and demonstrated its true lichen structure. He also gave a 
detailed description of apothecia, asci,. spores, and paraphyses, and thus 
shifted Cora from the Hymenomycetes to the Ascolichens. In 18^5 he 
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placed the genus among the Lecanorei ; later he shifted it to the Psoromeij 
and finally fixed its position among the Pyrenocarpei* In this manner the 
controversy concerning the two genera began. There is little doubt, as 
has been shown from subsequent investigations, that Nylander was in 
reality studying thalii of Coenogonitim when he described apotliecia for 
Cora. The material which he studied was a collection from Bolivia, and 
it is highly probable that thalii of Coenog 07 tium were accidentally included 
among those of Cora. 

Mattirolo ( 50 ) made an extensive study of C. pavonia to check the 
observations of Nylander and failed to discover apothecia in any of his 
material. He shifted the genus to the Hymenolichens, and regarded the 
fungus constituent as belonging to the Auriculariaceae near Thelephora 
and Hypochitis. Mattirolo’s observations were confirmed in i8(S4 by 
Johow, who showed conclusively that Cora and Coenogonitim are distinct 
genera^ and belong to widely different groups of lichens. 


General Morphology of the Lichen Thallus. 

The thallus of Coeriogonium Linkii^ as has been described by previous 
investigators, consists of numerous branched, more or less parallel filaments 
which are united to form a flat, somewhat saucer-shaped, bracket-like felt 
tissue, as is shown in PI. XVI, Fig. i. Its colour, brilliant chlorophyll 
green, makes it conspicuous in the jungle. It may encircle the twig, vine, 
or branch on which it is growing if these are small. The sapling whose 
portion is shown in PL XVI, Fig. i, had as many as twelve bracts to a 
height of 18 in. The thallus varies considerably in size accoi'ding to age, 
and shows definite and beautiful zonations or rings of growth. Whether 
or not these zones represent annual growth periods is uncertain in the 
Central American material, but they have been so regarded by the students 
of Coenogonium^ Cora^ and Dictyonema. 

The zones in my material are marked by differences in thickness of 
the thallus, which are perhaps due to periodic variations in growth. The 
denser zones are considerably thicker than the remainder of the thallus, 
and appear somewhat elevated like concentric ridges. These elevations 
become greater from the margin towards the centre, and in older and 
larger specimens it may be observed that new overlapping felts or mats 
originate in these zones or ridges. These continue to grow, and as a con- 
sequence the large and mature thalii are frequently made up of a number 
of overlapping felts which give them the inverted cup- or saucer-like 
appearance shown in Pi. XVI, Fig. i. The view that the denser zones are 
associated with periodic variations in growth is supported by the profuse 
branching of the algal filaments in those regions, However, between the 
: conspicuous' zones occur others thinner, narrower, and less definite, and it 
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is therefore problematical whether all of these more or less concentric rings 
represent specific annual growth periods. The transition between the wet 
and dry seasons in British Honduras is none the less very marked^ and rela» 
tively dry periods may occur during the rainy season ; so that as far as 
rainfall is concerned the conditions are optimum for marked variations in 
growth. 

The thalli vary considerably in size according to their age and location. 
Specimens with mature apothecia have been found to vary from 3 to 25 mm. 
in diameter. It is thus difficult to use this character alone as a basis of 
classification. The apothecia appear in great abundance on the under side 
and are waxy, yellow to light orange in colour when fresh. On pressed 
and dried material, however, they may turn to light brown within a yearns 
time. At what age of the thallus the apothecia first appear is uncertain 
from my observations. The thalli grow and persist for several years, and 
whether or not the fungus fruiting bodies appear annually I am unable to 
say at present. 

The filaments which compose the thallus consist of two kinds of cells, 
a central row of large cylindrical Trentepohlia cells and numerous peri- 
pheral, hyaline, septate, mycelial strands which branch and anastomose to 
form a net-like structure around the central row. If these filaments are 
examined under the high powers of the microscope, the relation and type 
of branching of the two constituents is readily visible. PI. XVI, Fig. 10, 
shows a portion of a filament of Trentepohlia with the surrounding mycelial 
threads. It is to be noted in this figure that the fungus constituent is very 
closely applied to the cells of the alga ; and in surface views such as are 
shown in Pi. XVI, Figs, it and i2, it makes a complete network around the 
algal filament. Frequent anastomoses between the mycelial filaments as 
well as numerous branches make up this net-like structure. As was noted 
and figured by Bornet, the fungus filaments may be denser and more reticu- 
lated near the base of the thallus, and almost completely obscure the algal 
ceils. Text-fig. 12 shows an enlarged portion of the thallus near the region 
of attachment in which the mycelial filaments anastomose, branch, and run 
from one algal filament to another. Ordinarily the ends of iht^X^entepohlm 
branches are free, particularly during a period of rapid growth, since the 
fungus filaments then appear to lag behind (PL XVI, Fig. 19^). If the 
algal growth is very slow, however, the hyphae may extend up to and 
around the tip, as shown in PL XVI, Figs, lo and 12, The number of 
hyphae around each algal filament varies. PL XVI, Fig. 19, shows a cross 
section from fixed and stained material with five strands, two of which 
have anastomosed. The fungus is particularly abundant around the young 
branches, and may often be several cells in thickness as is shown in PL XV^I, 
Figs. 10 and 18, and has also been figured by Johow. The pressure of the 
growing branch appears to stimulate The fungus to greater 
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division in these regionSj and we have here perhaps another case of distinct 
functional hypertrophy. That these snarls of hyphae are not always rudi-» 
ments of apotheciaj as Karsten and Schwendener figured, is evident when 
a large amount of material is examined. Apothecia may or may not 
develop at such places, while the majority of young branches are almost 
completely enveloped, as is shown in PL XVI, Fig. 10. 

In none of the thalli and filaments so far observed have haustoria been 
found. The fungus grows very closely applied to the gonidia as noted 
above without becoming at all intracellular, and no injurious effects on 
the algal cells have yet been seen. The fungus, none the less, appears to 
have some inhibitory effect on the branching habit of the alga. However, 
the shape and characteristic development of the lichen thallus seems to be 
determined primarily by the growth habit of the alga. It is the alga 
which makes up the bulk of the thallus and possibly dominates develop- 
ment Aside from the doubtfully inhibitory effect noted above and the 
wafting or binding together of the algal filaments (Text-fig. 12^) near the 
base, the fungus mycelium appears to parallel the growth of the alga. It 
must, nevertheless, be borne in mind in this connexion that the alga when 
grown apart from the fungus, never, as far as my observations go, produces 
a concentric thallus exactly like Coenogonium. 


Morphology and Life-history of the Alga. 

Vegetative Structure and Modifications. 

Trefitepoklia sp., which is the gonidium of this lichen, is made up of 
richly branched, septate filaments which grow principally by the division 
of the apical cell. The branching is very profuse in some thalli and less so 
under certain environmental conditions. In PL XVI, Fig. 10 is shown the 
habit of branching as well as the size and structure of the cells. This 
figure is characteristic of the alga in close association with the fungus near 
the border of the thallus, but, as will be shown later, the alga undergoes 
considerable change in habit of growth when cultured on synthetic media 
apart from the mycelial filaments. 

The individual cells vaiy greatly in length and diameter, and it is very 
difficult to identify the species on this character alone. Numerous measure- 
ments of cells in different parts of the lichen thallus and under different 
cultural conditions have shown a wide range of variation. Some cells may be 
isodiametric near the base of the thallus, as is shown in PL XVI, Fig. 19 a, 
while at the periphery the length may be as much as six times the 
diameter, which is well illustrated in some of the end branches in PL XVI, 
Fig. 20. In my material the variations range from 10 x 20 jut in the isodia- 
metric to 38 x 6 
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Each cell contains numerous brilliant green plastids which vary greatly 
in number, size, and shape. Ovoid, elongate, somewhat band-shaped, and 
irregular plastids may be found in the same filament and often in single 
cells. PL XVI, Fig. 13, shows some of the variations which occur in this 
species, Schmitz (75 a) figures the plastids of Trentepohlia as small flat 
panes or discs. Karsten describes them in general as round and oval discs 
in mature cells, but also figures wide differences in size and shape, and this 
observation has been confirmed by most subsequent workers. In young 
cells of T, bisporangiata the plastids are figured as elongate, irregular bands 
which break up into smaller, more or less rounded bodies. Heering (34), 
Printz (71), Oltmanns (69 a), and others likewise describe similar variations 
and thus confirm Karsten’s observations. Geitler (27) describes two general 
types of plastids in Trentepohlia^ plate- or disc-, and band-shaped, which 
may change from one to the other under certain conditions. Species with 
cylindrical cells possess chiefly plate-shaped plastids, while those with round 
or oval cells have band-shaped chromatophores. 

I have also, as noted above, observed somewhat similar variations, but 
have so far been unable to correlate them definitely with age and develop- 
ment However, in view of the fact that plastids are but regions of the 
cytoplasm impregnated with chlorophyll which may grow in size with 
maturity and divide and thus become specialized for specific function, such 
changes in size and shape of these organs are highly conceivable. As 
many as forty distinct plastids have been found lined up end to end in 
a single elongate cell. Again, they may be found running in rows diagonally 
across the cell, and under such conditions, and particularly when they are 
numerous and crowded, one may be led to interpret the plastid as a some- 
what reticulate structure. That this is not so is evident from observations 
of long cells with few plastids. Here they may be oval, round, quite dis- 
tinct and separate. The round and oval shapes are not necessarily corre- 
lated with age as far as my observations go. In all of the germinating 
zoospores which have been found the plastids were not elongate and band- 
shaped^ but rather small, oval, and round. No pyrenoids or starch grains 
have been observed in association with the plastids. 

In addition to the plastids numerous hyaline, yellow and golden-red, 
highly refractive globules or bodies of various sizes occur in the more viscid 
cytoplasm and vacuoles. These bodies have been interpreted in other 
species as haematochrome, oil, and various lipoid compounds by Hilde- 
brand (36), Cohn (10), Bornet (4), Wille (91), Hariot (31, 32, 33), Karsten 
(41), and other students of this group. In more recent years Oltmanns 
(69 a), Fritsch (26), Meyer (51), Heering (34), Fischer (24)^ van Oye 
(70), and Biswas (2) have regarded them as light filters which increase 
with intense illumination and decrease in size and number when the pells 
are shaded. Fritsch and van Oye in particular regard ;Eaemglochrome; 
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formation as one of the most essential factors which enables Trentepohlia 
to withstand the intense illumination of the tropics and thus compete 
successfully with other algae. Senn (78) and Geitler (27), on the other hand^ 
believe that these globules are reserve food material in the same sense as 
starch and proteids, which are built up and used in the normal metabolism 
of the cell. 

In my material as many as a hundred globules of various size have 
been counted in one cell As is shown in PL XVI, Fig. 14, they vary in 
the same cell from tiny droplets to large spheres. The size, number, and 
coloration appear to be associated, as Meyer, Geitler, and others have 
shown, with the age of the cell and the condition under which the alga is 
growing. They seem to arise as very small droplets which may coalesce 
to form larger globules or may grow independently in size. They appear 
more hyaline and refractive when first formed and then gradually take on 
the yellow and golden-red colour. When very abundant they may some- 
what mask the chloroplasts and impart a yellowish or golden tinge to the 
cells. In young cells at the tip of growing filaments, or in germinating 
zoospores and sporelings growing on DetmePs agar, such as are shown in 
PL XVI, Figs. 16, 17, PI. XVII, Figs. !^5, 53 and 54, they are 

usually less abundant and more hyaline in colour. Thalii collected 
in more exposed regions in the jungle were very rich in globules of this 
nature, but when they were transferred to moist chambers and agar cultures 
in the laboratory the number, size, and coloration decreased perceptibly. 
These observations confirm those of Meyer, Senn, Fischer, van Oye, and 
Geitler that haematochrome is less abundant in agar cultures and in 
decreased illumination. 

The cell- wall of Trentepohlia sp. is fairly uniform in thickness and 
consists apparently of several layers (Correns (11)). No cellulose caps, 
such as have been described by Caspary (7), Karsten (42), Brand (5), West 
(90), West and Hood (89), and others at the apex of the filaments, have 
yet been observed in my material. 

When bits of the Coenogofiium thallus were transferred to Detmer’s 
agar, the fungus constituent ceased to grow, died, and finally disappeared 
within eight weeks, leaving the alga growing independently. I have 
succeeded in growing this species of Trentepohlia on such media for more 
than a year and have observed considerable modification in its habit of 
growth under those conditions. In my material branching tends to become 
more free at once. As a general rule the cells become either shorter in 
length and greater in diameter, or elongate to a great extent and take on 
a more brilliant green colour. This latter change in appearance maybe 
partly due to the absence of the fungus mycelium and to a difference in the 
yellow and golden-^red globules noted above. These globules are usually 
;y|ess; in number and^more /hyaline and, bolourless., .The chloroplasts which 
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were almost completely obscured by the red granules thus become distinct 
and clean 

The algal growth shown in PL XVII, Fig. 20 , is fairly characteristic of 
that developed under cultural conditions. It is to be noted that the central 
axis is less conspicuous than in PI. XVI, Fig. 10 , and that the branches go 
out in all directions. This greater tendency to branch in all directions 
appears to be associated to a certain extent with the absence of the fungus 
mycelia. As is shown In this figure and as has been previously described 
by Schwendener, Bornet, and Johow, the fungus develops strongly where 
new branches are beginning to form. Often it may be several layers In 
thickness in such regions, as is shown in PI. XVI, Figs. 5 j ^tid 18 . It 
seems as if this abundant grow^th inhibits the development of branches to 
a certain degree and thus produces the characteristic appearance of the 
algal filament in the lichen thallus. When grown apart the inhibitory 
factor is absent, and this may account for the profuse branching and more 
radial habit of growth of individual algal thalli. However, that this factor 
is not the dominant one in determining the habit of growth of Trentepohlia 
in the lichen is clearly evident from observation of other species growing 
independently in nature. The non-lichenic species as described in the 
literature branch freely and tend to grow more or less radially. 

A younger but similar filament is shown in PI. XVII, Fig. 21 . The cells 
are comparatively small and somewhat moniliform in shape and general 
appearance ; and were such thalli found growing isolated and independently 
in nature, they might readily be mistaken for a different species. The shape 
of the cells shown in this figure is somewhat suggestive of Physolinum monile 
described by De Wildeman (16, 17, 18), Karsten (41), and Printz (71). 

The most extreme variation so far observed under cultural conditions 
is shown in Text-fig. i. Here almost the entire thallus consists of unusually 
large cells, the majority of which have developed into zoosporangia. No 
less than thirteen sporangia are present in this thallus, and some of the 
vegetative cells are fully four times the diameter of the smaller ones 
shown In PL XVI, Fig. 10 , When this thallus was first discovered I thought 
at once it was P. monile^ inasmuch as Printz (71) reports its association 
with other species of Trentepohlia, However, from subsequent study of its 
growth, manner of zoospore production, and size of the latter, I am inclined 
to regard it as nothing more than a modification of Trentepohlia sp. No 
aplanospores such as those described by Printz were observed, and the 
zoospores were formed in the same manner and were of the same size and 
general appearance as in the gonidium of C. LinkiL Furthermore, the end 
branches of the thallus are definitely cylindrical and not moniliform as in 
P, monile. 

The increased tendency to sporangial development or reproduction 
when grown apart from the fungus has been evident in most of my 
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cultures, but I am not certain whether this is only a periodic occurrence or 
is due to the change in environment. Continued observations of this 
species throughout the seasons in nature have not been made, and it is 
impossible to say at present what its periodicity is. However, sporangia 



Text-fig. i. Thallus of Treniepohlia sp. from Detmer’s agar culture. 


have been found in great abundance so far at all times during the past year 
in my agar cultures. The terminal portion of a branch with eight sporangia 
in various stages of development, as shown in PL XVI, Fig. 1 5, is fairly 
characteristic of such cultures. 

The structural and morphological modifications under the cultural 
conditions noted above are doubtless to a certain degree abnormal and 
make identification of this particular species very difficult. Towards the 
end of a year the filaments growing on Detmer’s agar were quite unlike 
those in the lichen thallus with respect to branching, size, and shape of the 
vegetative cells, and zoosporangia; and the two thalli could hardly be 
recognized as the same species. The Trentepohliaceae are largely terres- 
trial algae, and when grown under different conditions show a high degree 
of variation, as has been noted by all students of these algae. Gobi (29), 
Hansgirg (30), De Wildeman (15),Deckenbach (l4),WilIe (9i), Schmidle (75), 
Brand (5, 6), Meyer (51), and others have described the extreme variability 
of these algae in cultures. Hansgirg and Deckenbach particularly have 
emphasized these changes and claimed that polymorphism is common 
among the Trentepohliaceae. Deckenbach questioned the validity of J*. 

on this basis, and claimed that it is only a resting form of 
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T. aureay which by further development goes over into a T. lagenifera and 
finally into a T, micinatus form. He thus combines the four forms into 
a polymorphic species which is named Jl polymorpha. Trentepohlia sp. 
also varies considerably in nature during the wet and dry seasons in Centra! 
America, and it is often impossible to determine which characters are 
specific. Particularly is this true when the Coenogonium thalli occur near 
the ground in damp places and are partly submerged in the rainy season. 
Under such conditions variations as extreme as those described from agar 
cultures frequently occur. 

Mobius (53) reports that this species was described by Bornet as 
T, fiavum^ but in the reference which he gives it is figured as the alga! 
constituent of Chiodecion nigrocincttmi instead of C LinkiL De Bary (12) 
described C. nigrocmctum^ Byssocaulon, and C, Linkii as a single lichen 
with Kiitzing's (46), Trentepohlia (Chroolepus) flavum as the algal con- 
stituent, and this is doubtless where Mobius gets the specific name for his 
Porto Rican material. Schwendener (76) describes the cells as being 16 to 
18 in diameter and three to four times as long. My measurements are 
considerably smaller and correspond more closely with those given by 
Mobius. They also fall within the limits for T, dialepta as given by 
Nylander (67), Hariot (31), and De Wildeman (22). However, in view of 
the structural modifications noted above, no attempt is here made to 
identify this species of Trentepohlia, Further studies on the morphology, 
development, and cytology are now in progress and will be reported later. 

Reproduction, 

In addition to zoospores and gametes, Trentepohlia sp. reproduces and 
regenerates the thallus by aplanospores, isolation of vegetative cells, and 
other similar means. Rather frequently after the lichen thalli had been 
transported to the States and transferred to Detmer’s agar, entire algal 
filaments with the exception of a few terminal and intercalary cells died, 
and in such cases these living cells continued to grow and regenerated new 
and extensive thalli. A typical example is shown in PI. XVII, Fig. in 
which only the branches and apical cells are alive. This filament was 
grown in a hanging drop chamber on Detmeris agar for more than two 
months, and in the meantime the apical cells produced a well developed 
thallus. This regenerative ability of individual cells is undoubtedly an 
important factor in aiding the alga and lichen to recover after the dry 
season and long periods of desiccation. 

In numerous thalli growing in nature and on agar cultures it has been 
found that individual or several intercalary cells may die and become 
empty, and in such cases the adjoining cells frequently pierce, grow into, 
and completely .fill the empty nells, as is shown in PI. XVII, 
growth is similar to the phenomenon of ‘ Durchwachsung'*, which 
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spread among the fungi, and has also been described and figured by De 
Wildeman ( 15 ) and Brand (5) for Trentepohlia, Another example is 
illustrated in Text-fig. 2. Two of the cells in the centre of the filament 
have died ; the adjacent ceils on each side have grown into them, broken 
through the lateral walls, and developed upwards Into short-branched 
filaments. Proliferation of empty zoosporangia has been observed in three 
filaments of Trentepohlia sp. in a manner similar to that described by 
Schmidle for T. ellipsicarpa and by Reinsch (74) for Acroblaste, In each 
case the stalk cell pierced the base of the sporangium, grew into it, and 
formed a secondary sporangium. In one instance the proliferating cell 
failed to form a zoosporangium but grew out into a long multicellular 
filament. Such growth is fundamentally similar to ‘ Durchwachsung', and 
doubtless belongs in the same category. 

Individual cells and short fragments may break away from filaments 
and grow independently (PL XVII, Figs. ^5, 26, and 28). This occurs 
frequently in nature also, and is hardly to be regarded as a distinctly 
cultural characteristic. PL XVII, Figs. 26 and 27, show the development of 
such a cell over a period of three weeks. Division occurred the first week, 
and one of the cells developed into a zoosporangiiim. PL XVII, Fig. 28, 
shows a small thallus with two sporangia which developed from a short 
fragment. The walls of these cells are of the same thickness as those of 
normal filaments, and thus appear different in this respect from the akinetes 
figured by Meyer for 7". umbrina. Numerous round sporangia have also 
been found isolated from filaments in agar cultures as well as in nature. 
If lichen thalli are transferred to damp filter paper, and kept thus in a 
moist chamber, large numbers of isolated sporangia and vegetative ceils 
may subsequently be found adhering to the paper. Such sporangia have 
been kept under observation for several weeks, and found to undergo 
cleavage into zoospores. This appears to occur commonly in nature also. 
During the dry season such sporangia become invested with rather thick 
walls, and may perhaps be regarded as resting sporangia. They appear 
able to withstand considerable desiccation, and doubtless serve to dis- 
seminate the alga. When such sporangia are placed in water they germi- 
nate readily by the production of zoospores. Whether or not they are 
detached from the thallus by ring-like thickening in the manner described 
by Brand (6) I am unable to say. 

Frequently in nature the contents of intercalary and other cells may 
round up, and become invested with a new thick wall, as is shown in 
PL XVII, Fig, 24. The cell here shown is very large in size, and has burst 
the old wall of the filament. Such cells are like the aplanospores of other 
algae, and doubtless serve the same purpose in this species of Trentepohlia, 
They have frequently been molmted and studied for long intervals of time, 
but so far I have been unable to observe germinations. 
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Structure and Development of the Zoosporangia. 

The zoosporangia may be terminal, lateral, or intercalary, with or 
without stalk cells, solitary or in clusters on short branches. In nature 
they are not formed abundantly as far as my observations of the Central 
American material go, but as soon as the filaments are transferred to 
water or agar cultures, sporangia are produced in great abundance. PI. XVI, 
Fig. 1 5, shows the characteristic development in agar cultures within a few 
weeks after transfer. Sporangia may sometimes be borne so profusely 
that they appear to be borne in clusters at the end of a filament. PI. XVII, 
Figs. 31-40, show terminal, lateral, stalked, sessile, and isolated sporangia 
of various sizes and shapes. The majority are oval, round, somewhat egg- 
shaped, and slightly beaked, but as the agar cultures begin to degenerate, 
considerable variations occur. In nature the zoosporangia vary from 14 pt 
in the spherical to i8xi22/£ in the oval forms. If development occurs 
slowly the zoosporangia also may be partly enveloped by the mycelium, 
as shown in PL XVII, Figs. 31 and 32. 

So far only globular sporangia (Kugelsporangien) have been observed. 
None of the hooked type (Hackensporangien) described by Gobi, Karsten, 
and Meyer, or the so-called ‘ trichtersporangien ' figured by Brand ( 5 , 6) 
have been found, either in nature or in culture. Most of my observations 
on sporangial development have been made on material gathered during 
the rainy season or grown on agar cultures, and this may perhaps account 
for the lack of hooked sporangia. Karsten ( 41 ) reported that such sporangia 
were soon transformed into globular forms when thaili were grown in water, 
and that the globular forms occurred most abundantly in moist places. 

Considerable variation in the size and shape of the sporangia has been 
found under conditions of high moisture, and in agar cultures, particularly 
when the cultures become old. Under such conditions the sporangia have 
a tendency to elongate and become more flask-shaped, as is shown in Text- 
figs. 3 and 4 and PI. XVII, Figs. 29 and 30. They are similar in shape, and 
fall readily within the dimensions of the sporangia of T. lagenifera. The 
zoosporangium shown in PI. XVII, Fig. 30, occurred terminally, and was 
scarcely greater in diameter than the vegetative cells of the filament 
Ordinarily a single papilla and opening is developed for the escape of the 
zoospores, but under the conditions noted above two and three may be 
formed (Text-figs. 5 and 6), In these sporangia the papillae are greatly 
elongated and similar to the sporangial necks of many chytrids. 

The successive developmental stages of a sessile globular sporangium 
are shown in Text-figs. 14 to 19. The growth of a large number of similar 
sporangia has been followed in hanging-drop chambers, and development 
under such conditions is fairly uniform* It consists essentially of the 
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formation of a lateral bud or small branch which by subsequent growth is 
cutoff by a wall, and enlarges into a more or less globular sporaiigiam. 
Text“fig. 14 shows a very early stage in which the bud has just begun to 
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Text-figs. 2-n. Fig. 2, * Durchwachsung^ of dead intercalary cells. Figs. 3, 4, 5, and 6. 
Variations in the size, shape, and number of necks of sporangia from Detmer’s agar cultures. 
Fig. 7. Large zoosporangiutn with non-motile spore segments escaping. Fig. 8. Pair of zoospores 
with cilia entangled. Fig. 9. Group of four zoospores stuck together. Figs, 10 and ii. Large 
4-ciUated motile spore, or perhaps zygote, before and after coming to rest. 


push out from the upper end of a vegetative cell Its formation is in the 
early stages in no way different, as far as my observations go, from the 
development of a branch, and the two can be differentiated only by study 
of the successive developmental stages. In Text-fig. 15 is shown the same 
bud fourteen hours later. It has become slightly larger and separated by 
a transverse wall from the mother-cell Text-figs. 16, 17, and 18 show 
subsequent stages, three, five, and eight days later. The changes consist 
chiefly of an increase in the number of plastids and globular bodies and 
enlargement of the developing sporangium itself. Increase in diameter 
continued until the twelfth day. On the tenth day the sporangial papilla 
appeared. Text-fig. 19 shows the final stage in development which 
occurred on the fourteenth day. Subsequent stages could not be followed 
for this sporangium, since the hanging-drop chamber dried out before 
cleavage and zoospore formation occurred. In many such cultures protozoa 
became fairly abundant, and a large number of mature sporangia disin- 
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tegratedj as if they had been injured by these organisms. The green 
protoplasmic contents would ooze out slowly into the water and soon 
become completely diffused. 

Mature sporangia vary greatly in size and shape, and these characters 



Text-figs. 12 and 13. Fig. 12. Portion of lichen thallus near region of attachment. The 
nngus mycelium makes a network around the algal filaments. Fig. 13. Large phragmosporous 
spores attached to Treniepohlia sp. 


alone are not always indicative of the stage of maturity. Prior to cleavage 
their contents appear closely similar to those of ordinary vegetative cells. 
A large number of plastids of various sizes are distributed in the cytoplasm, 
as is shown in PI. XVII, Fig. 31, together with numerous globules that are 
hyaline to orange-yellow in colour. Frequently sporangia in this stage 
may be found with a large central vacuole (PL XVII, Fig. 32) and a com- 
paratively thin primordial utricle. In the transition from this stage to 
cleavage a considerable change occurs, particularly in the plastids. These 
structures begin to lose their dt finite delimitation (PL XVII, Fig. 33), so 
that the cytoplasm appears more homogeneous in its green granular struc- 
ture. The boundaries of the separate plastids can be seen only by most 
careful observation. The chlorophyll appears to be more diffuse, but 
none the less is confined without sharp boundaries to the regions formerly 
occupied by the plastids. At this time there may be a slight contraction 
of the protoplast, so that the more definite plastids appear somewhat 
clumped at the periphery. Contraction appears to be due to loss of water, 
since a hyaline liquid is usually visible outside the denser protoplast In 
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this process many of the refractive and coloured globules may be extruded. 
At least at the time of cleavage they are quite numerous at the periphery^ 
and are usually lacking in the delimited spore segments. The loss of 
water and extrusion of these globules is doubtless a dedifferentiatioii of the 
protoplasm prior to reproduction, as has been described so often for other 
algae, fungi, and protozoa. 

In PL XVII, Fig. 33, is shown an early stage in cleavage. The proto- 
plast is slightly contracted and uneven at the periphery. The depressions 
on the membrane are doubtless the beginning of cleavage furrows. The 
plastids are not very definite in outline, and the cytoplasm has a more 
uniform but slightly lighter green appearance. A later stage is shown in 
PI. XVII, Fig. 34. Here cleavage furrows are quite distinct, and are develop- 
ing progressively from the periphery inwards. Doubtless, in the centrally 
vacuolated sporangia they also progress centrifugally, as has been so well 
shown by Bold ( 3 ) in Protosiphon. The plastids in this sporangium are 
less definite, and are represented by green granular areas. A few refractive 
globules are also still present in the protoplast. I have followed the pro- 
gressive stages of cleavage beyond this phase in several sporangia, and am 
convinced that the process is not simultaneous as described by Meyer ( 51 ) 
in T. lagenifera. The furrows gradually cleave the protoplast into seg- 
ments, and in no case have they been found to be delimited all at once 
PL XVII, Fig. 35, shows a small beaked sporangium in which cleavage has 
been completed and the definitive spore segments are present. This is an 
optical view, and no attempt has been made to draw the segments lying 
below. At this stage, because of mutual contact and pressure the segments 
are usually pentagonal and hexagonal in shape. The plastids appear 
merely as small green granular areas without marked boundaries, and one 
is often led to question their presence as definite bodies. The globules 
which are not extruded prior to cleavage, and remain in the protoplast are 
rarely, as far as my observations go, included in the cleavage segments, 
but come eventually to lie at the periphery of the sporangium or between 
the incipient spores. None of the segments shown in PL XVII, Fig. 35, 
contain such globules. In T. umbrina^ however, according to Gobi, 
Caspary, Brand, Meyer, &c., the zoospores contain numerous globules, and 
are usually brilliantly coloured. 

Within a comparatively short time, depending on environmental con- 
ditions, the angular cleavage segments become more rounded and elongated, 
as is shown in PL XVII, P’ig, 36. This is the normal shape of the zoospores 
just before they escape from the zoosporangiiim. The plastids in the 
meantime appear to have undergone further change, and are still less 
definite- The elongated cleavage segments lie in a hyaline liquid in which 
are also suspended the minute globules. 
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Structure, Behaviour^ and Germination of Zoospores. 

A few minutes after sporangia from agar cultures in which cleavage 
has been completed are placed in water, movement of the zoospore seg- 



Text-figs. 14-19. Successive stages in the development of a sessile, lateral, globular 

zoosporangium . 


ments begins. Almost simultaneously with this slight motion the papilla 
or short neck bursts, and the zoospores are ready to escape. The final 
bursting of the papilla appears to be due primarily to hydrostatic pressure 
from within, I have attempted on numerous occasions to study the details 
of this process, but because of the hyaline character of the sporangial wall 
very little in detail has been observed. At times it seems as if a dehiscence 
ring is foi'med whereby the cap is bodily lifted off as shown in PL XVII, 
Figs. 4a, and 43, while in other sporangia there appears to be a definite 
tear (PL XVII, Fig. 41). In most of the empty sporangia, however, the 
edge of the mouth is quite smooth (PL XVII, Figs. a7, aS, 29, 37, and 
55, and Text-figs, i and 6). 

The swarm -spores first begin to glide slightly on each other, but this 
initial movement does not appear to be due to ciliary action, since the 
spores are usually so packed together as to prevent motion of these struc- 
tures. However, the cilia are generally invisible at this stage because they 
are hyaline and the spores green ; if cilia are present it is impossible to 
determine their movement. As the zoospores move about, some of the 
fluid withirT the zoosporangium exudes in a somewhat viscid mass^ apd 
often protrudes in advance, as illustrated in Text-fig. 3. This material, 
according to my observations, does not form a definite vesicle into which 

3 X/ 
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the zoospores pass, as has been figured by Caspary (7, Figs. 6 and 8)^ but 
diffuses readily in the surrounding water (Text-fig. 7). If the mouth of 
the sporangium is very narrow the zoospores glide through slowly, and 
may stretch out to considerable length in passing through. Zoospores are 
often caught in the narrow orifice or become entangled with their cilia ; in 
such cases they strain from side to side and undergo many changes in shape, 
as if making strenuous efforts to free themselves (PL XVII, Fig. 20 a). 
They may thrust out short pseudopods in various directions, then become 
much elongated, then contract. Frequently numerous contractile vacuoles 
appear under such conditions. On the other hand, if there are no mechani- 
cal obstructions the exit of the zoospores is easier and more rapid. I have 
not, however, found them escaping so rapidly but that they could be readily 
counted. The swarm-spores after their escape may remain fairly still for 
a second or two, and then dart off with lightning rapidity in various 
directions. 

The zoospores follow one another through the orifice, as shown in 
PL XVII, Fig. %oa^ until the spoi'angium is empty. Sporangia are fre- 
quently found filled with non-motile resting zoospores. This condition 
seems to be due to the fact that the sporangia have failed to open, or the 
mouth has become obstructed in some manner. Frequently in my material 
zoospores came to rest without leaving the sporangium, although no 
mechanical difficulties or obstacles were visible. One sporangium of un- 
usual size containing 170 zoospores was found and carefully observed in 
this respect. Sixty-seven zoospores escaped in regular fashion one after 
the other with great rapidity, and swam off immediately after becoming 
free. The majority of the remaining zoospores, however, gradually 
oozed out one by one in a mass of somewhat viscid substance, and 
immediately came to rest around the mouth of the sporangium without 
showing a motile stage. A large number remained within the sporangium 
and never escaped, although ample opportunity was present, as is shown 
in Text-fig. 7. These swarm-spores are considerably larger in size than the 
motile ones ; this is characteristic, as will be shown later, of those which 
have come to rest The sporangium shown in this figure was kept under 
further observation for more than an hour to watch the subsequent be- 
haviour of these spores. Within ten minutes all of them had begun to dis- 
integrate, and none formed definite walls around them and germinated 
laten The behaviour of the zoospores in this sporangium doubtless accounts 
for the common occurrence of large numbers of spores around the mouth 
of sporangia, a condition so frequently observed in cultures mounted in 
water. Whether this condition is associated with a lack of cilia or with 
immaturity I am as yet unable to say. None of the resting spores shown 
in Text-fig. 7 possessed cilia as far as could be determined in this hyaline 
material 
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Frequently also numerous sporangia are found full of zoospores which 
are distinctly oval in shape and characteristically different in appearance 
from those which become motile. When sporangia with spores of the 
type shown In PL XVII, Figs. 38 and 40, were first found on the same fila- 
ment with the form illustrated in PL XVII, Fig. 36, I thought at once that 
this condition indicated morphologically distinct gametangia bearing large 
and small swarm-spores respectively. Subsequent study, however, showed 
this view to be incorrect. The large oval zoospores shown in Pi. XVII, 
Figs. ^8, 38 and 40, and Text-fig, 5 are similar to the others, it 
seems to me, except that they have failed to escape, and in coming to 
rest have become more spherical in shape and somewhat larger in size. 
The sporangia shown in PL XVII, Figs. 28, 38 and 40, have failed 
to open entirely, and the zoospores apparently had no opportunity 
whatever to escape. The contrast between sporangia of this type and the 
one shown in PL XVII, Fig. 36, is striking, and unless careful study were 
made of subsequent development one might be readily led to the con- 
clusion that here were zoospores of two types. Meyer does figure and 
describe swarm-spores of two kinds in T. umbrina^ small biciliated gametes 
borne in hooked sporangia or gametangia and four-ciliated zoospores in 
globular zoosporangia. Whether or not the variations noted above in 
Trentepohlia sp. represent similar morphological differences is questionable, 
since the number of cilia cannot be observed when the zoospores are in the 
sporangia. However, in view of the fact that the normal swarm-spores 
appear somewhat larger and more oval after coming to rest, I doubt very 
much if this condition represents more than a difference in age and 
development. 

The zoospores which fail to escape may either degenerate immediately, 
as noted before, or become actively motile for a considerable length of 
time. If the sporangium mouth becomes obstructed after a few of the 
zoospores have escaped, the others remain quiescent for a moment or two, 
then begin to move about slowly* They appear to be at first somewhat 
stuck together in the colloidal viscid substance in the sporangium, and 
a few seconds are required for complete separation. Within two minutes 
in one particular sporangium they were entirely free and separate and 
began moving about rather rapidly. The movement became accelerated, 
until in five minutes the zoospores were dashing wildly about as if com- 
pletely frantic. Under these conditions zoospores may retain their motility 
considerably longer than under normal circumstances. Several sporangia 
have been very carefully studied in this respect. In one sporangium three 
zoospores were left behind and became very active within a few minutes. 
Two of these zoospores continued dashing about for forty minutes, while 
the third remained active for one hour and ten minutes, which is con- 
siderably longer than the motile period under normal conditions. 
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The zoospores vary in size and shape but are fairly uniform within 
certain limits. They are somewhat flattened and elongate^ and when seen 
from the narrow side have the appearance shown in PL XVIIj Fig. 44 b. In. 
the other plane they are broader and have a tendency to be more ovoid, as 
seen in PL XVI I3 Figs. 44 m, 44 o, and 44^. They none the less appear 
longer and less oval than those of T. aurea, T. umbrina, and Z. moniliformis^ 
which have been figured by Caspary, Karsten, and Meyer, and more closely 
similar to those of T. lagenifera as described by Wille (91). No very 
sharply defined plastids, such as have been figured by G. Karsten (42), are 
visible in the zoospores. They none the less appear green-granular, and this 
gives them their characteristic light green colour. The granules or drop- 
lets of chlorophyll seem, however, to be collected more or less in certain 
minute regions but are not sufficiently aggregated to present a definite 
plastid. The anterior and posterior ends are quite free from pigment and 
are hyaline in colour, as is shown in PL XVII, Figs. 37, 44, 45, and 46. No 
definite eyespot is visible. The two cilia are borne posterially, and appear 
to be of equal length and approximately two and a half times the length 
of the body. Zoospores with four cilia have also been observed, but very 
rarely. Whether or not this condition is always the result of fusion is un^ 
certain from my material. In Z. untbrina^ as noted before, Meyer figures 
both types. The four-ciliated zoospores are vegetative and develop directly 
into new thalli, while the biciliated are regarded as gametes. Wille also- 
described swarm-spores with four cilia which had been formed by unequal 
cleavage in the zoosporangium rather than by fusion. 

The zoospores are plastic and undergo considerable change in shape 
under certain conditions. If one of these spores is caught in a tight place 
between the filaments or the slide and cover glass, it may elongate 
tremendously in attempting to get through, as shown in PL XVII, Fig. 44 a. 
It may become somewhat filamentous and take on the appearance of 
a short worm squirming through a narrow place. When once free, how- 
ever, it assumes its characteristic shape and swims off with great rapidity. 
The movement of the sw^arm-spores is characteristic ; it is essentially a back 
and forth darting movement rather than a slow, uniform forward swimming. 
The zoospores may dart about, come to rest, and then start off rapidly 
again in the opposite direction. Where zoospores were trapped in small 
confined areas they moved either backward or forward without turning 
about, showing that the cilia may propel the body readily in either 
direction. Hildebrand described a similar characteristic of the zoospores 
in Z lagenifera (PL XVII, Figs. 1 5 and 16). 

In size the zoospores vary from 4 x 10 /i to 5 x 14 /f. The motile stage 
lasts in general from ten to thirty minutes but varies considerably with 
individual zoospores. As has been pointed out, in the case of motile 
spores which have failed to escape, the time is considerably longer. This 
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period is somewhat longer than that described by Wllle for T. umbrina. 
Hildebrands on the other hand, reported a motility of several hours in 
T. lagenifera. Towards the latter part of the motile period the zoospores 
tend to become more ovoid and less elongate in shape, as Caspary, G. 
Karsten, and Wille have shown. This was of universal occurrence in my 
material. Consequently when such spores are side by side with those 
which have recently escaped a marked difference is seen ; this again may 
suggest heterogamy, but the differences are merely those of age. The 
tendency to become ovoid or globular becomes more pronounced as the 
spores come to rest, as shown in PI. XVII, Figs, 44^, 44^2, and 44/), At 
this stage the posterior end, to which the cilia are attached, may be slightly 
beaked in shape. As the spores come to rest, the cilia are lost or drop off; 
they are not withdrawn into the spore body itself. The subsequent shape 
of the spores is characteristic and can be recognized readily in preparations 
of living material. They tend to be globose, ovoid, or slightly angular, as 
shown in Pi. XVII, Figs. 44^, <?,/,/, h, and /. At this stage the plastids 
are still indefinite, but the cytoplasm appears to be filled with a coarsely 
granular green pigment localized in small regions. Generally these granules 
or droplets are aggregated more towards the centre of the resting zoospore, 
leaving thus a somewhat narrow hyaline border at the periphery. 

The majority of the thousands of zoospores which I have observed 
underwent disintegration shortly after coming to rest. This characteristic 
of Trentepohlia has been noted and emphasized by all students since 
zoospores were first discovered in this group of algae. Disintegration is 
usually accomplished by a vacuolation and gradual breaking up of the 
protoplasm. Generally Brownian movement soon begins and the entire 
resting zoospore becomes a mass of dancing fine particles. Within two to 
ten minutes the entire zoospore had disintegrated and diffused in the 
surrounding medium, leaving only numerous granules of various sorts 
scattered about. 

As to conjugation of zoospores or gametes, I have observed but few 
cases. Throughout the past year thousands upon thousands of zoospores 
have been observed in hanging-drop and tap-water cultures, and up to the 
present only three cases of actual fusion have been observed. It is not at 
all uncommon, however, to find zoospores swimming in pairs or in threes 
or fours, as is shown in Text- figs. 8 and 9 and PI. XVII, Figs. 45 and 46. 
Frequently zoospores are seen swimming in the same direction, giving the 
appearance of one following the other. They may come into contact, get 
their cilia entangled, and in this paired condition (PL XVII^ Fig. 46) swim 
for some time. Careful observation of such pairs, however, has shown that 
they soon become disentangled, separate, and swim off independently 
(Text-fig. 8), In other cases three and sometimes four zoospores come but 
of the sporangium almost simultaneously with their cilia entangled ^ 4 ^ 
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swim off thus together; but these groups almost always separate after 
a short time. PL XVII, Fig. 45, and Text-fig. 9 show two groups of three 
and four zoospores together. These groups were carefully observed for 
some length of time, and the swarm-spores finally separated. 

Oltmanns (69 a) regards the two types of sporangia which develop in 
Trentepohlia as markedly different qualitatively. The hooked sporangia 
(Hackensporangien) produce zoospores, while the globular ones (Kugel- 
sporangien) are gametangia and form gametes. Oltmann’s distinction was 
accepted by Meyer for 7 ", mnbrina, Heering likewise speaks of two kinds 
of zoosporangia, but questions the evidence for this differentiation. Printz 
(71) apparently regards the evidence as conclusive and distinguishes two 
types for the whole family Trentepohliaceae. Since I have rarely, if at all, 
found hooked sporangia, I am unable to confirm Oltmann’s and Meyer's 
contentions, but I am certain that the motile spores from the globular 
spor^angia may fuse or may germinate directly. 

Stages in the actual process of fusion have been observed, and two 
cases of four-ciliated zoospores were found. However, it is not certain, in 
view of Wi lie's observations, whether such zoospores represent fusions or 
are normal four-ciliated zoospores. In T. bleisckii Wille has described the 
delimitation of very large segments in cleavage which become four- ciliated 
and escape and swim about as normal zoospores. A similar large zoospore 
in Trentepohlia sp. is shown in Text-figs. 10 and ii in its motile condition 
and also after coming to rest. The great difference in size between this 
body and that of normal zoospores is evident in this figure. 

Up to the present time I have found only two cases of zoospore ger- 
mination among the thousands of individuals studied. In coming to rest 
many of the zoospores lie very close together, quite frequently in pairs and 
threes, as is shown in PL XVII, Figs. 44^, /^, j\ and and from such 
appearances one may be at first inclined to regard this as perhaps a stage 
in conjugation. For this reason very careful study has been made of the 
subsequent development of such pairs. The zoospores shown in //, 
and k were kept under observation until they had completely disintegrated, 
but no actual fusion between the resting spores occurred. The pair shown 
in i were at first thought to have fused, but by careful focusing it became 
apparent that a part of one overlapped the other, and there was no actual 
fusion. In 7 the contact is much closer, and it was difficult to make out 
a distinct line of separation between the two. Whether this represents 
a case of incomplete fusion is not at all certain. It may be nothing more 
than that two spores have come to rest in contact with each other, and in 
the process of disintegration their membranes have become less distinct. 
All of these spores disintegrated, and no further development occurred. 

In PL XVII, Figs. 47 to S4j shown the successive stages in germina- 
tion of a zoospore. In PL XVII, Fig. 47, the zoospore has come to rest, is 
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oval in shape, slightly beaked at the point of attachment of the cilia, and 
hyaline at both ends. The green pigment is aggregated into fairly large 
granules or droplets disseminated throughout the body, except at the 
periphery. As yet no definite wall is present. PL XVII, Fig. 48, represents 
the same spore four hours later. The only conspicuous change is the 
presence of a definite membrane or wall around the spore. No further 
visible change appeared to occur until six hours later, when the resting 
spore began to elongate at what was formerly the posterior end (Pi. XVII, 
Fig* 50)- This appears to be the first indication of germination. In the 
meantime, however, the pigment granules or droplets have become slightly 
deeper in colour and appear to be more definitely segregated. PL XVII, 
Fig. 51, shows a stage three hours later in which cell-division has occurred. 
The newly-formed daughter-cell is slightly smaller and more slender in 
shape. PL XVII, Fig. 52, shows the same zoospore a day later. A short 
thin segment consisting of four cells has been formed, in which the limits 
of the plastids are becoming more distinct. In addition minute highly 
refractive globules are present in the cytoplasm. These are distinctly 
hyaline, and do not have the golden or yellowish tinge that becomes 
characteristic later. PL XVII, Fig. 53, shows a further developmental stage 
in which the apical cell of the filament has elongated tremendously and is 
doubtless ready to divide. The plastids are now definitely visible and 
delimited as single entities much deeper green in colour, with a tendency 
to lie in the primordial utricle of the cell. The refractive hyaline globules 
are much larger in size and more numerous. 

The development of the plastids in the germinating zoospore appears 
thus to be fairly distinct, and can be followed with some degree of certainty. 
At first the pigment appears to be distributed throughout the cytoplasm 
in certain small areas in the form of droplets or granules, and no visibly 
differentiated or delimited plastids are visible. As (germination proceeds, 
however, the pigment takes on a deeper colour, and the regions in which it 
is distributed become more definite and microscopically visible until finally 
discrete plastids with apparent membranes are present. 

A later stage in germination of this particular zoospore is shown in 
PL XVII, Fig. 54. The basal, second, and fourth cells of the filament have 
produced typical branches. Further developmental stages of this particular 
spore were not observed, but a few young thalli such as shown in PL XVI, 
Fig. 17, have been found separately which were probably more advanced 
stages of germination. One case of germination in situ has been found, 
and is illustrated in PL XVII, Fig. 55. The sporangium here shown contains 
four zoospores, three of which have rounded up and become invested with 
a definite membrane, while the fourth has undergone germination to 
produce a short filament consisting of three cells. The apical end of this 
filament is directed toward the opening of the sporangium, but subsequent 
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developmental stages were not followed to determine whether or not it 
grew out at this end. 


General Morphology, Development, and Reproduction of 

THE Fungus. 

The fungus constituent Coenogonitmi Linkii has not been studied ex- 
tensively except in its mature reproductive stages, although the type, size, 
and shape of the ascospores as well as the number, septation, and size of 
the ascospores are generally used as criteria in classifying the lichen species. 
It has not, so far as I am aware, yet been named or assigned independently 
to any particular family and genus of fungi outside of the lichens. Myco- 
logists who treat the lichens at all generally include them with the fungi 
and retain the lichen name for the fungus as well, since in the majority of 
forms it is the predominant constituent of the alliance, and forms the con- 
spicuous fruiting structures. ' In line with this general practice Clements (8) 
and Clements and Shear (9) retain the name Coenogoniuni for the fungus, 
and place it in the family Chrysotrichaceae of the order Pezizales. 

The vegetative thallus consists of a septate, branched, irregular my- 
celium which anastomoses abundantly and forms a fairly dense weft or net 
around the algal filaments. The mycelium varies in diameter, and is 
usually quite uneven in contour. Small papillae or buds stand out from 
the surface and produce the characteristic irregular appearance shown in 
PL XVI. Fig. 10, and Text-fig. 12, It is usually hyaline in colour, but at 
the base of the lichen thallus is often slightly brown and olivaceous. The 
branches may run out for considerable distances from the algal filaments, 
and when they come into contact with other branches or filaments of the 
alga they become closely appressed or attached, as is shown in PL XVI, 
Fig. 17. This type of branching and method of attachment arc doubtless 
the means by which the fungus gets from one algal filament to another, 
and makes the rather dense weft of mycelium surrounding several filaments 
in the older portions of the lichen thallus, as is shown in Text-fig. 13. 

As has been noted before, no haustoria are formed, and the alga 
does not appear to suffer materially from its association with the fungus. 
The latter, however, seems in some manner to be very dependent on Trento- 
poMia, since it has not yet been found growing independently. Many 
attempts have been made by the writer to germinate ascospores on corn 
meal, potato, Detmeris agar, and prune agar, and also to transplant portions 
of the mycelium, but without apparent success. On Detmer’s agar, the alga 
grows fairly well, but the fungus dies and disappears in a few weeks. 

Frequently large dark phragmosporous and dictyosporous conidia are 
attached to the alga in great abundance, as is shown in Text- fig. 13, but I 
am uncertain as to whether or not these' spores belong to the same fungus 
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species. Frequently when they germinate their germ-tubes and mycelium 
parallel the algal filament^ as in Text-fig. 13. The mycelium is similar in 
diameter^ septatioii, and habit of branching, but much darker in colour. 
The germinating spore shown in this figure is similar to those figured by 
Bomet in Biatora muscorum where they are without question a part of the 
lichen, I have isolated several of these large spores, and cultured them 
readily on various agar media. They produce an abundant mycelium, but 
so far no fruiting bodies have developed which would enable me to identify 
the species. The ease with which they germinate and their vigorous 
growth on synthetic media are in sharp contrast to the ascospore germina- 
tion noted above ; and for this reason I am at present very doubtful that 
the two are the same fungus. In addition to these large spores numerous 
elongated, plurilocular, brown and olivaceous insect eggs are present in the 
lichen thallus, and may be readily mistaken for fungus spores. 

The fungus reproduces asexually b\^ small conidia produced in globular 
pycnidia, as has been figured by Nylander, and described by a number of 
other workers on Coenogonmm, Nylander’s figure of a pycnidium is small, 
and gives no details of internal structure. The pycnidia appear to be 
borne on the lichen thallus in the same manner as the discocarps, and 
frequently include in their outer stroma, as is shown in PL XVIII, Fig, 56, 
filaments of the alga. The early developmental stages are difficult to dis- 
tinguish from the very young round apothecia, and it is only by study of 
successive stages that the two can be differentiated. As the pycnidium 
grows in size, it spreads so as to cover many of the alga filaments. 

PL XVIII, Fig. 56, shows a longitudinal section of the pycnidium from 
fixed and stained material. The pycnidium is markedly globular in shape, 
without a prominent beak. The ostiole is usuall}^ only slightly elevated. 
The wall is fairly thick, and consists of dense and compact layers of short 
hyphae which often give the appearance of pseudoparenchyma. It does 
not appear to have any markedly differentiated layers, since the outer 
portions gradually merge into the sporogenous layer. The outer hyphae, 
however, are less dense in nuclei and cytoplasm, and thus appear more 
hyaline. The conidia are borne on fairly short conidiophores, although the 
minute size of the latter and the myriads of spores make it very difficult to 
observe accurately the exact size and structure in fixed and stained pre- 
parations. The conidia are elongate, tapering, hyaline, continuous, uni- 
nucleate, and vary from 5x2/4 to 8x1 /x. They are frequently found 
lying end to end or closely adjacent in the pycnidium, and at first sight 
seem to be catenulate, but it has been impossible to determine this with 
certainty. The spoi'es are borne around the entire inner periphery of the 
pycnidiuiTijbut become fewer toward the ostiolar region, PL XVIII, Figs. 57 
to 60, show stages in the formation of the conidia and their variation in 
size and shape. The young conidiophores are slightly club-shaped at thqir 
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tipper end (Fig. 57), and by successive growth and constriction the conidia 
are finally delimited, as shown in Figs. 58 and 59. The conidiopliores in 
these figures have nuclei in their basal portions, which suggests that they 
are able to form more than one conidiiim. This is further substantiated 
by the occurrence of elongated conidiopliores which show several nuclei 
and constrictions (Fig. 56). The nuclei of the conidia are rather conspicuous 
in fixed and stained preparations, and usually lie in the centre in an isthmus 
of cytoplasm, while the remainder of the cell is highly vacuolated. 

In addition to the conidia, numerous very fine hyaline hairs or mycelial 
strands ramify among the spores in the pycnidium, as shown in PL XV III, 
Figs, 56 and 61. Nuclei are distributed more or less regularly along their 
length, but because of their minute size and the myriads of conidia it is 
impossible in my preparations to determine whether septa are present* 
These filaments, which often extend to the ostiole, resemble paraphyses 
very closely, and appear to originate in the sporogenous layer in the same 
manner as the conidia. They are hardly to be regarded, it seems to me, 
as stylo- or scolecospores. 

The apothecia or discocarps occur, as noted before, in great abundance 
on the under side of the lichen thalliis (PI. XVI, Prig. %) and are waxy and 
light yellow to light orange in colour. In my material they vary consider- 
ably, 0-3 to 0*8 mm., in diameter at the apex, as shown in PL XVI, Figs. 3 
and 4. These are both mature apothecia and not successive stages in 
development. The two apothecia here figured are rather fiat on top, and 
are hardly representative in this respect. The ascogenous layer is usually 
more elevated in the centre, and tapers off towards the periphery, so that 
the upper surface is more convex, as has been shown by PL Karsten and 
Schwendener. The stalk or stipe of the discocarps varies both in shape 
and length. It may be very short and thick as in PL XV I, Figs. 3, 4, and 9, 
or somewhat elongated and curved, PL XVIII, Fig. 6 %. 

Numerous developmental stages such as are shown in PL XVI, Figs, 5 
to 8 have been found. The earliest stages consist of a whorl or snarl of 
short mycelial branches which, with subsequent growth, become more and 
more numerous and entangled. Fig. 5 shows a very early stage with four 
short irregular branches which have come into contact at their apices, and 
are beginning to intertwine. This figure is closely similar to that of an 
early stage illustrated by Johow ( 39 , Fig. 36) in material from Dominica. 
On the opposite side of the algal filament is a short branch which has 
become completely overgrown by the fungus, but this is not in my opinion 
the rudiment of an apothecium. Karsten, Schwendener, and Ny lander ( 67 ) 
describe and figure the apothecia as originating around and over the short 
algal branches, but this is not universal. In my material they have been 
found occurring at the end and on the sides of Trentepohlia filaments as 
well as around the short branches. ' PI. XVI, Fig. 6, shows a slightly later 
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stage in which the hyphal branches are more numerous and densely inter- 
twined. In the initial stages the young apothecia are usually confined to 
one or a few algal filaments, but as they grow in size they spread and 
involve a large number. Doubtless the fungus lij^phae around these 
additional filaments are included and aid in building the ascocarp. The 
apothecium shown in PI. XVI, Fig. 7, has grown to considerable size, and 
has become definitely spherical. The inner hyphae appear to make a more 
or less compact weft, while the outer ones are still loose. A later stage is 
shown in PL XVI, Fig. 8, in which the hyphae are more compact a nd form 
a fairly round pseudoparenchymatous mass. The algal filament has been 
almost completely enveloped by the young apothecium, and this growth 
doubtless accounts for the inclusion of several filaments in the basal stroma 
of mature apothecia. 

The subsequent stages of development consist essentially of an increase 
in size of the spherical mass and slight elongation to differentiate the stipe 
and ascogenous layer. In none of the fixed and stained preparations have 
trichogynes or ascogenous hyphae so far been observed. My observations 
and data on the late stages ofapothecial development are rather meagre, and 
it is thus impossible to describe with any degree of accuracy the origin 
and development of the ascogenous layer. A further study on the structure 
and development of the apothecia is now in progress, and will be reported 
in a later paper. 

A mature discocarp is shown under higher magnification in PL XVIII, 
Fig. 62. The stalk or stipe is very small in comparison with the upper 
portion, and in this respect is rather exceptional. The asci and paraphyses 
make a very dense and compact layer, and are rather difficult to differen- 
tiate individually in fixed and stained material. In living material they 
may be readily dissected out and studied. PL XVIII, Fig. 63, shows several 
asci and paraphyses under high magnification. The former are cylindrical, 
somewhat blunt at the apex, taper at the base, and vary 5 x 80 to 5 x 4^ 
The paraphyses are inflated, septate and branched at the apex, and usually 
a little longer than the asci. The ascospores are two-celled, vary from 
X 5 to 3 X 6 ft, and, as is shown in PL XVIII, Fig. 64, may be ovoid or 
fusiform in shape. The ovoid shapes are exceptional, and the majority of 
spores are markedly fusiform. 


Summary. 

1 . Coeftogonium Linkii has been collected in damp regions on saplings, 
twigs, branches, vines, and the bark of larger trees in Southern Mexico, 
British Honduras, Guatemala, and Honduras. 

3, The thallus consists of branched, more or less parallel filaments 
which are united to form flat, somewhat saucer-shaped, chlorophyll-green, 
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bracket-like felts 3 to 20 mm. in diameter with concentric zoiies« Light 
yellow to light orange waxy apothecia are borne in abundance on the 
under side of the thallus. The filaments which compose the thallus consist 
of a central row of large cylindrical Treniepohlia cells and numerous peri- 
pheraJj hyaline, septate mycclia which branch and anastomose to form a 
net-like structure around the central row. 

3. Trentepohlia sp., the goiiidium of this lichen, is made up of branched 
septate filaments with cylindrical cells varying from 10 x 10 /x to 38 x 6 /x. 
Numerous oval, elongated, somewhat irregular and band-shaped plastids, 
together with large numbers of round, hyaline, refractive, yellow and orange 
oil globules or haematochrome bodies of various sizes, are present in the 
cytoplasm. Considerable variation in the shape and size of the lhalli, 
individual cells, and sporangia occurs when this alga is grown in culture^ 

4. Trentepohlia sp. reproduces by the growth of isolated vegetative 
cells, aplaiiospores, zoospores, and gametes. The zoosporangia are terminal, 
lateral, or intercalary, sessile or stalked, and round, ovoid, or egg-shaped. 
None of the so-called hook- or ‘ trichter ’-sporangia were found either in 
nature or agar cultures. 

5. The zoospores and gametes are delimited in the zoosporangia by 
progressive cleavage. They are elongate and somewhat flattened in shape, 
and vary from 4 x 10 /x to 5 x 17 with two posteriorly attached cilia. They 
may fuse or germinate, forming new thalli directly. The majority of zoo- 
spores disintegrate shortly after coming to rest ; only three cases of fusion 
and two of germination have been observed. 

6. Ihe fungus constituent of C* Linkii consists of septate, hyaline, 
branched, irregular mycelium with branches which frequently anastomose 
and form a dense net or weft around the algal filaments. It grows closely 

alga, but does not become intracellular. No haustoria have 

been observed. 

7. The fungus appears to be dependent on the alga for continued 
growth, but apparently does not injure it. Efforts to culture the myceliiim, 
and germinate the ascospores and conidia have been unsucccssfuL 

8. Reproduction occurs by conidia and ascospores. The conidia are 
hyaline, continuous, elongate, fusiform, uninucleate, vary from iX5/x to 
2 X 8 /X, and are borne in round pycnidia. 

9. The discocarps occur in great abundance on the under side of the 
thallus, and vary from 0-3 to o-8 mm. in diameter at the apex. They 
oiiginate from small w'horls or snarls of hyphae which grow in size, become 
spheiical, and later elongate and differentiate into the mature apothecia. 

10. The ascospores are elongated and fusiform, two-celled, hyaline, 

and 1-5 ^ 5 3 ^ ^ in size. The paraphyses are inflated, septate and 

branched at the apex, and usually longer than the asci. 
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EXPLANATION OF PLATES XVI to XVIII. 

Illustrating Dr. John S. Kailing’s paper on * A Preliminary Contribution to the Structure and 
Development of Cosnogonhwi Linkii \ 

(All drawings were made from living material of C, Linkii with the exception of figures 9, 56^ 
57^ 58, 59s 60, 61, 62, 63, and 64. 

PLATE XVL 

Fig. I. Portion of a twig with three lichen thalli. 

Fig. 2. Underside of a thallns showing the distribution of the apothecia. 

Figs. 3 and 4. Mature apothecia. 

Fig. 5. An early stage in the development of the apothecium. On the opposite side is a short 
branch of the algal filament completely overgrown by the fungus. 

Fig. 6 . A later stage in apothecial development. 

Fig. 7. A young apothecial initial composed of loosely united hyphae. 

Fig. 8. A slightly older apothecium. 

Fig. 9. Longitudinal section of a mature apothecium. 

Fig. 10. A portion of the algal constituent {TrmtepohUa sp.), showing the size, shape, ^nd 
contents of the cell, method of branching, and relation to the fungus constituent. 

Figs. II and 12. Surface views of ends of the algal filaments showing the relation of the 
fungus to the alga. 

Fig. 13. Variations in size and shape of plastids of Treniepohlia sp. 

Fig. 14. Variations in size and shape of the refractive globules or haematoclirome bodies in 
Treniepohlia sp. 

Fig. 15. Filament of Treniepohlia sp. from Detmer’s agar cultures showing the abundance of 
zoosporaiigia and various stages in development. 

Fig, 16, A young isolated germinating vegetative cell, or possibly a zoospore of Treniepohlia sp. 

Fig. 17. A young sporeling showing the manner of attachment of the fungus. 

Fig. 18. Cross section of a short branch of Treniepohlia?,-^^ showing the abundant development 
of the fungus in such regions. 

Fig. 19. Cross section of Treniepohlia sp. showing the number and relation of fungus hyphae. 

Fig. 19^3:. Portion of a filament of Treniepohlia sp. with isodiametric cells from near the base 
of the lichen ihallus. 


PLATE XVII. 

Fig. 20. A young thallns of Treniepohlia sp, from agar cultures. 

Fig. 20 Zoospores escaping from a sporangium. 

Fig. 21. A young thallus of Irentepohlia sp. with moniliform cells. 

Fig. 22. Terminal portion of a thallus of Treniepohlia sp. in which all but the apical cell and 
short lateral branches have died. 

Fig. 25. Two intercalary cells of Treniepohlia sp. showing the phenomenon of ‘Durch- 
wachsung L 

Fig. 24. Intercalary apian ospore of Treniepohlia sp. 

Figs. 25, 26, 27, and 28. Isolated and germinating vegetative cells of Treniepohlia sp. 

Figs. 29 and 30, Variations in size and shape of zoosporangia of Treniepohlia sp. in agar 
■cultures. 

Fig. 31. Stalked zoosporangium enveloped by fungus hyphae. 

Fig. 32. Sessile, lateral, vacuolated zoosporangium. 

33, 34 j and 35. Early, later, and completed stages in cleavage respectively. 

Fig, 36, Zoosporangium with mature zoospores. The basal cell has divided and is continuing 
growth. 

Fig. 37. Escape of the zoospores. 

Fig. 38. Zoosporangium in which the zoospores have failed to escape and become larger and 
more rounded^ ';'■■'■' 
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Fig. 39. Young lateral zoosporangium separated from its basal celL 

Fig. 40. Isolated zoosporangium with ovoid zoospores which have come to rest within* 

Figs. 41 and 42. Beaks of the sporangia before and after opening. 

Fig, 43. Empty j collapsed zoosporangium with three quiescent zoospores within. 

Fig. 44 b. Zoospore viewed from the narrow side. 

Fig, 44 0 and w. Zoospores viewed from the broad side. 

Fig. 44«!. Zoospore drawn out and elongated in passing through a narrow opening. 

Figs. 44 n, and p. Changes in shape of zoospores at the end of the swarm period and 
shortly before coming to rest. 

Figs. 44 d, hj and /. Differences in size and shape of the zoospores shortly after coming 
rest. 

Figs. 44^5 k. Resting zoospores, in pairs. 

Fig. 45. Group of three zoospores stuck together. 

Fig. 46. Two zoospores with cilia entangled. 

Figs. 47 to 54. Successive stages in the germination of a zoospore. 

Fig. 55, Germination hi situ. 


PLATE XVIII. 

Fig. 56. Mature pycnidium of fungus. 

Figs. 57 to 59. Stages in the formation of conidia. 
Fig. 60. Variations in size and shape of conidia. 

Fig. 6i. Flair or filament from pycnidium. 

Fig. 62. Longitudinal section of mature apothecium. 
Fig. 63. Asci and paraphyses. 

Fig. 64. Variations in size and shape of ascospores. 
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Seasonal Wounding and Resin-cyst Production 
in the Hemlock, Tsuga canadensis (L.) Carr. 


BY 

M. W. BANNAN. 

(^Department of Botany^ University of TorontoP) 

With Plate XIX and four Figures in the Text. 

Introduction. 

T he production of resin tissue in response to wounding is characteristic 
of certain conifers, and in some groups, such as the Abieteae, the 
relationship is more evident than in others. To determine the character of 
this response to wounding at different seasons of the year, studies were made 
with Tsuga canadensis^ a member of this group. The preliminary work of 
wounding was done by Professors R. B. Thomson and H. B. Sifton, who 
handed the material over to the writer for detailed examination. Branches 
of similar size occupying the same relative positions on the lower parts of 
old trees were selected, and wounded throughout the year with shorter 
intervals during the growing season. Half-round and chisels 

were used. Usually two, in some cases more, branches were wounded on 
each date, one with each chisel. Six to eight wounds, spaced at intervals 
of cm., were made on the upper side of each branch. For each wound 
two contiguous cuts were made, so that an elliptical area of bark and 
cambium with a minor diameter of | or ^ inches and a slightly greater 
major diameter (lengthwise of the branch) was removed. Four stems of 
young trees were also wounded. Alter one or two years the wounded 
material was collected. 

The method employed in determining the approximate extent of the 
resin tissue about each wound was to cut transverse sections at the wound 
centre and at centimetre distances above and below. For more detailed 
study these were supplemented by series of transverse or tangential 
sections. In few cases was it found necessary to embed the material since 
suitable sections could readily be cut with a sliding microtome. 

The response to wounding usually consists of the formation of 

of ¥ol. No. CXCII. October, 1934.3 
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a parenchymatous sheet of tissue, broken at various points by short and 
irregularly shaped cavities. These, owing to their shape and content, have 
been termed resin cysts (6). In making comparison of the experimental 
results, either the total extent of the parenchymatous tissue or the number 
of resin cysts might have been used, but as the resin cyst is the ultimate 
form of traumatic expression it was decided to make this the unit of com- 
parison. Accordingly, the number of resin cysts at a given wound is taken 
as the index of its response, and the results of the wounding at various 
times of the year compared on this basis. 

Experimental Results. 

The results obtained from each of the thirty-one wounded branches 
and stems are summarized in Tables I, II, and III. Under the heading 
* age * at the left the number of annual rings in the branch or stem at each 
point of wounding is given. In Table I the maximum number of cysts in 
one section at or near each wound (usually i cm. above) is shown, and in 
Table II the average number at four points — at the wound, i cm. below, 
and 'Z cm. and i cm. above. The results of the stem wounding may be seen 
in Table III. 

In Tables I and II it is to be noted that the greatest production of 
resin cysts is in branches numbered 58, 59, 60, 63, i, a, and 3 which were 
wounded during June and July. Even in branch 60, which has the smallest 
resin-cyst production of these seven branches, there are more cysts than in 
the branches wounded at other times of the year. 

In the stems (Table III) the greatest responses are in 61 and 66, 
wounded in June and August. There are few cysts in stems 50 and 55, 
wounded during April and May. Accordingly, the greatest development 
of resin tissue is in response to the wounds of the late spring and early 
summer period, as is the case in the branches. 

A study of the wounded branches shows that cambial activity, as 
manifest by the production of tracheids, began between May 24 and 
June 15 and ceased prior to August 12, The wounding of the latter date 
stimulated the cambium to further activity, and a few tracheids were cut 
off in the vicinity of the wounds but not elsewhere. The normal growth 
period was thus limited to June, July, and possibly the first week in 
August. Since the greatest production of resin tissue was in the branches 
wounded during the growth period, there is a definite relationship between 
the amount of response and cambial activity. 

It is worthy of note that the period of growth in the wounded 
bi'anches was of short duration. As these branches were on the lower 
parts of the tjrees and were almost continually shaded the conditions were 
'/unfavourable, to growth, a feature to^, which ,Btown'(2), has, called attention. 
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Average number of resin cysts at 2 cm. and l cm. above the wound centre, at the wound centre and i cm. below each wound. 
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If the growing season were longer, it is probable that the time of extensive 
resin-tissue production would have been correspondingly lengthened « 
Indications of this are found in the wounded steins. Here growth con- 
tinued later in the season^ and more resin tissue resulted from the wounding 
of August 1 % than in the branches. 


Table III. 
Wounded Stems. 
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age. 

6 

10 

64 

36 

2 

6 

44 

15 


Maximum number of cysts per wound. Average number of cysts at distances 

+ 2 cm. + 1 cm., o cm., and — i cm. 
from wound. 

Wounds inflicted during the dormant period show meagre responses ; 
resin cysts are few in number and usually limited in extent. This is illus- 
trated in the upper row of Text-fig. i and also in Text-figs, % and 3. In 
Text-fig. 3 there are two small localized groups of cysts. The cysts are 
more numerous and widely spread about the wound shown in Text-fig. 
being found as far as 0-7 cm. above and o-6 cm. below the wound centre^ — 
but are still far from abundant. The parenchyma cells constituting the 
tangential sheet of tissue in which the cysts are embedded extend in some 
cases as far as i cm. above or below wounds (PL XIX, Figs, i and 8), but, 
more often die out and are replaced by tracheids at that distance (PLXIX, 
Figs. 6 and 7). 

In the case of the wounds of the pre-^growth period' the^ resin ;;Cyst$''are 
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in t!ie earliest spring wood adjacent to the preceding summer wood« The 
cysts are usually in a single tangential seriesj but where there are only a 
few cysts near the wound and the zone of parenchyma tissue Is quite wide 



I 2 3 


Text-figs. 1-3. i. The upper row shows the approximate extent of resin cysts at four 
dormant period wounds and the lower that at five growing period wounds. The numbers of the 
branches are given below each wound. 2. Details of the distribution of resin cysts at wound on 
branch 52, wounded May i. 3. Same for wound on branch 69, wounded September 22. 

some of the cysts are found slightly farther outwards from the remainder 
of the series, and so form a ‘ staggered ' series. Occasionally, in addition 
to the first there are one or two later series which may be either in the 
summer wood of that year or in the early spring wood of the following 
year* Only in exceptional cases, however, are the later series of cysts 
extensive, and in order to clarify the nature of these exceptions they will 
be considered individually. 

The large number of cysts recorded in Tables I and II for the wounds 
of branch m at ten and sixteen years and for the wound at nine years in 
branch 15 are due to accidental wounds of later date. The numbers of 
cysts in the first series at each of the wounds are 4, i, and 7, whereas those 
recorded in Table I which include the later series are 30, 15, and 33. 

The wound at twenty-four years on branch is at the side of the 
branch opposite, an unofficial wound: of two years' before/' In the \ricinity 
qf the earlier 'Wound there is one cyst in the year :of W'Ounding a|id, none in 



in the Hemlock^ Tsttga canadensis {Li) Carr. 863 

the following year^ but in the third year, which is that of the experimental 
wounding, there are many. There are also numerous cysts at the experi- 
mental wound. It seems evident that the larger responses at both wounds 
are due to a cumulative affect. 

There was a very extensive destruction of the cambium in the wound 
at twenty-one years in branch 7a. It is possible that the greater number 
of cysts is related to the amount of tissue destroyed. The wounds at four 
years in stem 55 and at nine years in branch 17 have later series of cysts, 
but corresponding accidental wounds were not found. It may be noted 
from Tables I and II that throughout branch 17 there is a greater pro- 
duction of resin tissue than in the other branches wounded before the 
growing season. 

In at least four of the seven wounds considered above there has been 
summation of the stimuli of the experimental and adjacent accidental 
wounds in connexion with the production of large responses. These four 
wounds, as well as the one with the large area of destruction, are marked 
by asterisks in Tables I and IL Their resin cysts are not included in the 
average figures given at the bottom of each table. 

Resin tissue is very extensive about growing period wounds, cysts 
sometimes being found as much as 6 cm. above and 2^ cm. below the wound 
centre. This extent is similar to that noted by Tschirch (8) in Abies. As 
may be seen in the lower row of Text-fig. i, the resin tissue about each 
wound is extended in the vertical rather than the tangential direction. 
This may also be noted in PL XIX, Fig, 4, where there are only three cysts 
on one side of the wound, whereas at i cm. above (PI. XIX, Fig. 3) the 
series is quite extensive, and even at 4 cm. above (PL XIX, Fig. %) there 
are many cysts. The cysts form an anastomosing network of cavities 
■which ramifies throughout practically the whole of the extensive paren- 
chymatous tissue. This is in contrast to the responses of the dormant 
period wounds where the cysts occupy only a small part of the less 
extensive parenchymatous tissue. 

Where the cysts are numerous, as in the June and July wounds, they 
occasionally open into the wound cavities. Where they are isolated and at 
some distance above or below, as in the responses to dormant period 
wound's, such openings are rarely seen. 

Above and below growing period wounds there is an upward and out- 
ward, or downward and outward, extension of the parenchyma tissue. The 
resin cysts which appear in this parenchymatous mass above and below 
the wound are therefore a shoi't distance outward from the inner limit of 
wound tissue. In a fairly vigorous branch or stem this radial distance 
may be as much as mm. The series of resin cysts, so formed outwards 
from the wound, extends upwards or downwards without further radial 
displacement. Four or five centimetres above the wound the series is the 
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same distance out in the ring as just above the wound* Towards the upper 
limits^ however^ there are occasional cysts which just before they die out 
pass outwards a short distance from the remainder of the series* The 
greatest amount of such an outward displacement observed was 35 /£« 

Factors Other than the Time of Wounding* 

In addition to the time of wounding there are other factors which 
may have varying effects upon the production of resin tissue. These are : 
vigour of growth^ cambial age at the points of wounding, wound size, 
amount of tissue destruction, distances between wounds, and the type of 
wood in which the wounds are found. 

Vigour of growth is regarded by Kirsch ( 4 ) as the causal factor in the 
development of resin canals in the pine. According to Jeffrey ( 3 ) resin 
cysts may appear in certain vigorous annual rings as a reversion to 
an ancestral character, for example, the resin cysts in the vigorous first 
year of the branch of Sequoia gigantea. In Pinus sylvestris Miinch ( 5 ) 
noted a direct relation between the number of resin canals and the annual 
ring width. In Tsuga cajtadensis the writer ( 1 ) observed that traumatic 
resin cysts were most abundant in the vigorous specimens. On the other 
hand, Thomson and Sifton ( 7 ), in the case of Picea canadensis, failed to find 
a direct correlation between resin-canal production and vigour of growth, 
whether determined in terms of length or thickness. 

In order to determine if the greater resin-cyst production of the speci- 
mens wounded in June and July was to be attributed to increased vigour 
of growth rather than to the time of wounding, the numbers of resin cysts 
and the vigour of the different stems and branches were compared. The 
vigour was considered only in terms of growth in the radial direction, that is 
in annual ring width. The average width of the wounded year throughout 
each branch and stem was determined from the average of four measure- 
ments near each wound, the maximum and minimum widths % cm. above 
and below (or i cm. where the a cm. section was not available). 

The average ring width and number of resin cysts in the wounded 
branches are shown in Text-fig. 4* For branches 56-60 (the month of 
June in the figure) the curves representing ring width and resin-cyst pro- 
duction follow a similar course, but in the case of branches 63-7 (July) 
there is a decided divergence. The outstanding feature is the increase of 
resin cysts in the branches wounded in June and July. This is also shown 
in Table IV for the branches of two trees. The numbers of resin cysts are 
clearly correlated with the time of wounding, rather than with differences 
in ring width. The comparison also shows that the more numerous cysts 
of the branches wounded in July are not attributable to inherent differences 
10' the trees. 
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A similar situation holds for the wounded stems« Stems 55 and 61 
(Table V) are of approximately equal vigour, but 61, wounded in the 
growing season, has many more cysts than 55. A like comparison holds 
for 50 and 66 , though here the stem wounded during the growing season Is 
the less vigorous of the two. 


Table IV, 

Wounded Branches of Trees A and B. 


Tree. 

Branch. 

Date of 

Ring width 

Maximum number of 

wounding. 

in mm. 

cysts per wound. 

A. 

10 

March ii 

0*50 

3 


14 

April 21 

0-23 

3 


I 

July 17 

0*32 

58 

B. 

II 

March ii 

0*32 

3 


2 

July 17 

0*28 

56 



{All wounds 

are | inch.) 



Stem. 

Date of 
wounding. 

Table V. 

Wounded Stems, 

Ring width 
in mm. 

Maximum number of 
cysts per wound. 

50 

April 13 

0-8 

6 

55 

May 12 

1*8 

10 

6i 

June 30 

1-9 

64 

66 

August 12 

0-5 

36 


(Wounds on stems 50, 61, and 66 are | inch, and on stem 55 inch,) 


It is evident that the greater number of resin cysts about the June 
and July wounds is not attributable to vigour of growth. On the whole 
the differences in the average ring width of the specimens wounded before 
and after the growing season, and those wounded during the growth period, 
are not great. Only in the branches wounded in January could vigour be 
regarded as a limiting factor. 

Another factor which might possibly influence the production of resin 
tissue is that of cambial age. The experimental branches are of similar 
size and the wounds equidistantly spaced, but owing to the varying rates 
of growth some of the branches are of different ages at the points of 
wounding. In most branches, however, the wounds are within similar age 
limits, as shown by the fact that 85 per cent- of the growing period and 
87 per cent, of the dormant period wounds are in the ninth to twenty^fifth 
years inclusive. Accordingly, the wounds of both the dormant and growing 
periods are subject to similar conditions 'in respect to cambial age. - ''A4''tfae:;; 
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experimental branches were located on trees of similar size, and probably 
of like agCj the age of the trees could scarcely be considered a variant 
factor. 

Wound size^ however, varied; chisels of two sizes were used, the 



Text-fig. 4. Average resin-cyst production (data from Table I) and ring widtb of the 
wounded branches. Vertical axes represent number of cysts on left side, and ring width in mm. 
on the right. The month of wounding is given at the bottom (ten months of the year — no 
wounding in February or October). 


wounds in branches 51, 56, 58, 3, 68, and having been made by the 
chisel and the remainder with the |-inch chisel. In the wounds of 
the growing period, where the tangential series of cysts are as wide as the 
wounds, the wider wounds have the more extensive series. This is to be 
observed on comparison of branches 58 and 3 with the others. In wounds 
of the dormant period, where there are isolated cysts only, the differences 
in number of resin cysts between the and ^-inch wounds are insigni- 
ficant. The two wound sizes in no way nullify the conclusions regarding 
the relationship between seasonal wounding and resin-cyst production. It 
is readily seen that the Y^ 4 nch wounds of the growing season have more 
cysts than the same sized wounds of the dormant period. This also applies 
to the |-inch wounds. 

Since the wounds were not covered by any protective coating it might 
be expected that there would be variations in the amount of tissue 
destroyed, correlated with the season of wounding. The average maxi- 
mum tangential destruction oi the cambium was 4*0, 4*3^ and 4*6 mm. for 
wounds inflicted prior to, during, and after the growth period (for wounds 
where the |"inch chisel was used). The differences are not marked, and 
consequently may not be significant. The vertical extent of the cambial 
destruction was usually 1*0 to i-a cm., but sometimes was greater; in 
branch 7a (Dec. 8) it varied from i-6 to 3-0 cm., the largest wound having 
the greatest resin-cyst production (wound at twenty-one years, Tables I 
and. II). In the case' of one wound of branch 70 '(Nov., 3) the vertical 
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extent was i-6 cm. Only seven wounds showed a larger amount of tissue 
destruction, and of these only one a corresponding increase in resin cysts. 

The distance between the wounds on all branches and stems is con- 
stant at 2 ^$ cm. and accordingly there could scarcely be a cumulation of 
stimuli or responses in some branches and not in others. Even in the 
growing-period wounds the maximum vertical extent of resin tissue is 
slightly over 8 cm., which is far short of the 33 cm. space between adjacent 
wounds. In all the branches the wounds were on the upper, soft or white, 
wood side, and so differences in the amount of resin tissue cannot be 
attributed to difference in wood type. 

Summary. 

In the branches experimentally wounded during June and July 
extensive series of resin cysts were produced in response to wounding. In 
contrast, the responses to wounds inflicted during the dormant period, 
August to May inclusive, were meagre. The growing season of the experi- 
mental material was practically limited to June and July. There is 
evidently a definite relationship between cambial activity and the pro- 
duction of resin tissue. Other possible factors, such as vigour of growth, 
&c., do not appear to have played an important part in the determination 
of the results. 

My thanks are due to Professors R. B. Thomson and H. B. Sifton for 
the experimental material, and Professor Thomson for suggestions and 
criticisms during the course of the investigation. 
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EXPLANATION OF PLATE XIX. 

Illustrating Mr» M. W, Baanaii’s paper on ^ Seasonal Wounding and Resin-cyst Producton in 
the Hemlock, Tsuga canadensis (L.) Carr. ^ 

Fig. I. Branch 53, wounded May 12, section i cm. above wound; parenchyma cells present 
in the earliest spring wood but resin cysts absent. 

Fig. 2. Branch 58, June 1 5, section 4 cm. above wound ; portion of series of resin cysts. 

Fig. 3. Section i cm. above same wound ; series of resin cysts, 

Fig, 4. Section through the wound ; three resin cysts at one side. 

Fig. 5. Branch 3, July 17, i cm. above wound ; part of series of resin cysts. 

Fig, 6. Branch 68, Sept. 2 2, section i cm. above wound ; parenchyma cells and resin cysts both 
absent. 

Fig. 7. Branch 73, Dec. 8, i cm. above wound; neither parenchyma cells nor cysts present 

Fig. 8. Section i cm. below same wound ; parenchyma cells in the spring wood of the year 
following wounding. 
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Hydrogen-ion Concentration of the Soil and Plant 
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I. 

T he 1 elation between the hydrogen-ion concentration of the soil and 
the incidence of species in natural vegetation has been the subject of 
a large number of investigations (references 1 to 7 ). As an example may 
be cited the extensive observations made by Olsen ( 5 ) on meadows and 
woodlands in Denmark. In every locality which Olsen examined he 
measured the pH value of the soil, and noted the presence or absence of 
a number of species on ten trial areas of 0*1 square metres. The frequency 
of a species in a given locality was expressed as a peicentage of these ten 
quadrats in which it occuued. The range of soil reactionj from pH 3*5 to 
pH 7*9, was divided into nine classes^ 3 * 5 ““ 3 * 9 > 4*o-4-4, 4*5-4*9, and so on. 
The aveiage frequency of any species in each class was calculated by 
adding the fiequeocies fiom different localities, and dividing by the number 
of localities in which the species occurred. Olsen^s work may be criticized 
on the grounds that the frequencies measured depend on the size of the 
quadrats used, and that the nine pH classes do not represent equal ranges 
of hydrogen-ion concentration, since the relation between hydrogen-ion 
concentration and pH is logarithmic. The results do, however, show what 
Olsen claims for them, namely, that for each species there is a characteristic 
range of pH outside which it does not occur. Similar conclusions have 
been reached by F, Chodat ( 4 ) in Switzeiland, by Atkins (1, 2) in Britain, 
and by Christopherson (6) in Norway, 

Several workers, notably Salisbury ( 7 ) in this country and Braun- 
Blanquet ( 3 ) on the Continent, have claimed to show the occurrence of one 
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or more pH optima wittiin the range favourable to a species. Salisbury 
plotted against pH classes the number of localities in which various species 
were found, and obtained curves for Pteridium aquilimim^ Vaccinium 
mtyrtilkis^ and S cilia nutans, which had the form of normal frequency 
curves. Curves constructed in the same way for Mercurialis perennis and 
Ficaria verna appeared to be bimodal, although no test of bimodality Avas 
applied* Salisbury concludes that the modes of these distributions repre- 
sent pH optima for the species concerned. All these curves were obtained 
by measuring the pH wherever the species under investigation was found, 
no account being taken of the pH of soils on which the species did not 
occur* There is consequently no means of determining whether the curves 
are distribution curves of the species concerned in relation to pH classes, 
or merely distributions of the acidity of the soils themselves irrespective 
of the vegetation upon them. 

In justification of his conclusions from these data Salisbury suggests 
that all distribution curves of soils would have their modes at the same pH 
value, whereas the curves he obtained had not. This would be true if all 
the samples had been taken at random, but Salisbury's method of sampling 
will inevitably produce soil distribution curves with different modes, because 
each curve represents a soil of different type. Thus, the curve for Mer- 
curialis represents woodland soils, that for Pteridium heath and moorland 
soils, and that for Scilla nutans the soils of coppices and similar habitats. 

It is clear that, before any conclusion can be drawn as to the influence 
of pH upon a species within its ‘ pH range the data must be collected in 
such a way that the random distribution of soil acidity can be separated 
from the distribution of the species in question with respect to soil acidity. 
In the present paper a technique for collecting adequate data is outlined, 
and some preliminary results are given to illustrate its use. 

II. 

To separate the frequency distribution of a species over an area from 
that of the soil acidity over the same ai'ea, it is necessary to sample the 
area at random, and irrespective of whether the species is growing on 
the sample plot or not. The distribution of the species with respect to pH 
may then be analysed by statistical methods. This has been done for two 
species, P. aquilinum and V. myrtillus^ in four localities in Britain, and 
the technique may best be illustrated by a description of the actual 
experimental procedure. 

Experiment l. Denbighshire. 

The area selected for observation was a sti'etch of moorland between 
Ruthin and Mold., The object of The experiment, was to determine 
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whether there is any relation between the incidence of P, aquilifmm and 
F. myriiiius and the pH of the soil within the pH range of these species^ 
To ensure random sampling arbitrary transects were drawn on an 
Ordinance Survey map, representing a distance of about five miles. These 
transects were then followed by compass bearing, and at intervals of 
fifty yards along them samples of soil were collected at a depth of six 
inches, and the presence or absence of Pteridium or Vaccinium noted on 
a quadrat ten square feet in area. 

The pH values of the soil samples were determined by Gillespie's 
‘ Drop ^ method (8). Where there was any difference from replicate samples 
from the same plot the values were averaged ; this was rarely necessary. 
The results are set out in Table I in the form of frequency distributions in 
classes of pH.^ 


Table L 


Frcque7icy Distributmis of Occurrence ^Pteridium and Vaccinium 

in Classes of pH, 

pH class 

Number of 

Frequency of 

Percentage occurrence : 

means. 

samples. 

Pteridium, Vaccinimn, Pteridium. 

Vaccinium, 

4-8 

2 

0 

2 


100 

4*9 

2 

0 

2 


100 

5*0 

2 

0 

2 

— 

100 

5*1 

5 

1 

4 

20-00 

8o-oo 

5-2 

13 

6 

8 

46-15 

61-54 

5*3 

17 

8 

II 

47*07 

6471 

5'4 

7 

4 

3 

57*14 

42-86 

5*5 

44 

27 

28 

61-36 

63*64 

5-6 

78 

41 

54 

52-56 

69-23 

5*7 

16 

5 

12 

31-25 

75-00 

5-8 

7 

5 

I 

71*43 

14*29 

5*9 

9 

4 

3 

44*44 

33*33 

6-0 

7 

5 

1 

71*43 

14-29 

6-1 

3 

3 

0 

Mean percentages 

66-67 

51-772 

62-992 


It will be observed from the table that the distributions of Pteridiimi 
and Vaccinium have well-defined modes at pH 5*6, but that the distribution 
of the number of samples has a mode at the same class. It is necessary to 
derive from the data the distributions of the species irrespective of the 
number of samples taken at each pH. These distributions are given by 
the percentage of samples in each pH class in which the species occur. 
The values are set out in columns 5 and 6 of Table I ; thus of the seventeen 
samples which fall into the 5*3 class Pieridmm occurs in eight, i.e. in 
47-07 per cent. It will be seen that the distributions of percentage 
occurrence are irregular, and appear to be bimodal. 

^ It is admitted that the pH is not a linear measure of the hydrogei^-ion concentratipn, apd that 
the readings should be classified in cH values. This is impracticable, however, for with iacreasing 
cH the errors on the corresponding pH values increase until the data become worthless.' ;; ■ 

3,M 
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The significance of the frequency distributions of species 111 pH classes 
may now be tested by assuming that the species occur with the same per- 
centage frequency at every pH value within their raiigCj i.e. are independent 
of pH within their ' pH range h The theoretical distributions obtained on 
this assumption may then be compared with the observed distributions 
and the agreement tested by means of the table given by Fisher (9)<, 
The theoretical distributions were calculated from the mean percentages 
given in Table L It was assumed that 51*772 per cent of the samples in 
any pH class would contain Pteridium, and per cent, of the samples 

in any pIT class would contain Vaccinium. In Tables II and III the 
observed and calculated distributions are compared. 


Table 1 1. 

Comparison of Observed Frequencies of Pteridium in pH Classes^ with 
Calculated Values on the Assumption that Pteridium is present in 
JI-J72 per cent, of the Samples at all pH Values. 


pH class Frequencies of 


means. 

observed. 

calculated. ^ * 

4*8 

0 

I -0351 


4*9 

5*0 

0 

0 

1-035 1 

1-035 i 

3-870 

5-1 

I 

2-589 J 


5-2 

6 

6-730 

0*079 

5*3 

8 

8-8oi 

0-073 

5*4 

4 

3-624 

0-039 

5*5 

27 

22780 

0-782 

5*6 

41 

40*382 

0.010 

5-7 

S 

8*284 

1-302 

5*S 

5 

3*624^ 

\ 

5*9 

4 

4*659 i 

[ 0*479 

6*0 

5 

3*624 

6*1 

2 

i* 553 > 

I 

Total 6*634 






It is dear from Tables II and III that the distributions of the two 
species within the range of pH investigated conform with the assumption 
that within their pH ranges the frequency of the species is not dependent 
upon the particular pH value of the soil. There is, in fact, no evidence of 
an optimum pH within the limits of the experimental data. The dis- 
tributions with marlced modes, given by the original data in Table I, 
columns 3 and 4, do not represent the elBfects of pH on the occurrence of 
the species but the distribution of acidity in random soil samples. It is 
of interest that the greatest contributions to the values are those from 
the upper and lower pH classes. 
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Table IIL 

Comparison of Observed Fr€que 7 icies of Vacciniiim in pH Classes, zmth 
Calculated Vahies 07 i the Assumption that Vacdniuni is present in 
62-gg2 of the Samples at all pH Values. 


pH class 

Frequencies of Vaccinium 

means. 

observed. 

calculated. “ 

4*8 

2 

1-259^ 


4*9 

S'o 

2 

2 

1-259 
1*259 i 

1 I’SSa 

5*1 

4 

3*150. 


5-2 

8 

8*189 

0*004 

5-3 

II 

10-709 

o-oo8 

5*4 

3 

4*409 

0-450 

5*5 

2S 

27-716 

0*003 

5-6 

54 

49*134 

0*482 

57 

12 

10*079 

0*366 

5-8 

I 

4-409 

2*636 

5*9 

3 

5-670 

1*257 

6*0 

6 'i 

I 

0 

4*409] 
1*890 1 

- 4-458 




Total 11-026 




71 ~ 9 

P ~ 0.25 


Experiment 2. Kent and Sussex. 

The distribution of Pteridmm in relation to pH was studied in three 
districts of the south of England, Ashdown Forest in Sussex, and Limpsfield 
and Keston Commons in Kent. The technique employed was precisely 
that outlined for Experiment i (p. 87c), except that the pH values were 
found by means of a quinhy drone electrode, and samples were taken every 
100 ft. along the transects. In all 20^ observations were taken. The data 
for the three localities are grouped' together for analysis. The results are 
summarized in Table IV. 

The frequency distribution of Pteridiimi in these localities appears on 
inspection to be bimodal. The principal mode is at pH 5-iZ, whereas the 
mode obtained for the distribution of Pteridiimi in Denbighshire is at pH 5*6. 
These differences are obviously due to differences in the mean soil acidity 
in the two regions. The calculated values in column 4 were obtained on 
the assumption that the percentage frequency of Pteridimn is constant at 
all pH values within the pH range of the species. The average percentage 
frequency is 48*716 ; e.g. in the column of calculated values 0-487 is 
48*716 per cent, of i ; 9*743 is 48-716 per cent, of and so on. From 
the total value it is clear that the distribution of Pteridium in the three 
localities in Southern England does not differ significantly from the 
assumed distribution; in other words, pH has no effect on the distri- 
bution of Pteridium between the values pH 4-7 and pH It may be 
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noticed again that the greatest contributions to the value of come from 
the extreme classes of the distribution. 

TABI.E IV. 

Frequency Distribution of Occurrence z^Pteridium in Classes of pH. 
Kent and Sussex Data, 


pH class 

No. of 

Frequency of Pteyidiuin 

0 

means. 

samples. 

observed. 

calculated. 


47 

4*8 

I 

5 

0 

2 

0*487) 

2-4361 

3410) 

0 ‘Oi8 

4”9 

7 

4 


5*0 

20 

5 

9-743 


2709 

5-1 

32 

14 

15-589 


0*162 

5-2 

45 

20 

21-922 


0* 169 

5'3 

20 

10 

9-743 


0*007 

S '4 

20 

8 

9-743 


0*312 

5.5 

8 

3 

3-8971 

! 


5.6 

8 

4 

3-897 


0 

ds 

OQ 

57 

10 

9 

4-871] 

1 


5-8 

12 

7 

5-846 


0*227 

5*9 

10 

4 

4-8711 



6*0 

6*1 

7 

I 

4 

0 

3-410 1 
0-487 


2*948 

6-2 

I 

0 

0-487 ^ 






Total 

7*o66 


8 

P = o-6 


Finally, it is instructive to pool the data from sis observations in 
Denbighshire and izoj observations in Southern England, and to test the 
assumption of independence on the combined data. The analysis is given 
in Table V. The value of P is about 0*82, which is conclusive evidence 
that the distribution of Pteridizmi is determined by factors other than pH, 
notwithstanding the apparent modal distribution of the species in pH 
classes. 

It is obviously of importance to discover how the soil acidity affects 
the distribution of vegetation. It is established beyond doubt that man}?^ 
species can grow only within a definite pH range, but there is at present 
no evidence from field observations that tvithin the range of tolerance the 
frequency of any species is influenced by soil acidity. It is clear from the 
foregoing examples that the distribution of Pteridium and Vaccinium 
between pH 47 and <5*2 is independent oi pH, and is determined by other 
factors. In water-culture experiments a modal frequency distribution of 
growth rate in pH classes has often been observed, but it is not surprising 
that the results of such simple experiments are not applicable to the 
distribution of vegetation under field conditions. 

If the soil acidity does not influence the incidence of species within 
their pH range, soil acidity cannot be invoked to explain the vagaries of 
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plant distribution within an association. By the application of the tech» 
niqiie described in this paper It will be possible to establish the degree of 
significance of pH and other environmental factors on the distribution 
of species. 


Table V. 


pH class 

No. of 

Frequency of Pieridmm 

0 

means. 

samples. 

observed. 

calculated^ 

r* 

4.7 

I 

0 

0*468' 


4-8 

7 

2 

3*278 - 

0*483 

4*9 

9 

4 

4*215) 


5*0 

22 

5 

10*303 

2*730 

5*1 

37 

15 

17*327 

0*313 

5*2 

58 

26 

27*162 

0*050 

5*3 

37 

18 

17*327 

0*026 

5*4 

27 

12 

12*644 

0*033 

5*5 

52 

30 

24*352 

1*310 

S‘6 

86 

45 

40*275 

0*554 

5*7 

26 

14 

12*176 

0*273 

5*8 

19 

12 

8*898 

I *08 1 

5*9 

19 

8 

8*898 

0*091 

6*0 

14 

9 

6-556 

0*911 

6*1 

4 

2 

1-8731 


6-2 

I 

0 

0-468 s 

0*050 




Total 

7*905 


= 12 

P = circa 0*82 

Summary. 

In studying the influence upon plant distribution of hydrogen-ion 
concentration in the soil, it is necessary to collect the data in such a way 
that the frequency distribution of soil acidity can be separated from the 
frequency distribution of the species in relation to soil acidity. In the 
present paper there is described a suitable technique for the collection of 
such data. 

An analysis of the data from four localities shows that between pH 47 
and pH 6*12^ the incidence of Pteridium aqtitlinmn and Vaccinium myrtUlus 
is not determined in any way by the pH value of the soil ; in other words, 
there is an equal chance of finding these species at any soil pH with the 
range of values investigated. 

The ecological significance of this independence of soil pH and the 
distribution of species is briefly discussed. 


^ On the assumption that an average of 46*831 per cent, of all samples contain Ptmdium. 
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Introduction. 

T he study of the relationship of the growing crop to its environment 
may be regarded as a test of the claim that plant physiology has more 
than purely academic interest. There are ' two' alternative methods of 
[Annals of Botany, VoLXLVHL No. CZCIL October, X934-1 '' , ' 
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approach. By the first, adopted mainly by agriculturists, attempts are 
made to relate the crop yield to the amount of one or more of the externa! 
factors by some ‘ Law of Limiting Factors ^ (Leibig) or by an expression 
of the ‘ Law of Diminishing Returns ’ (as e.g. in Mitscherlicli's ' Wirkungs- 
gesetz der Wadistumsfaktoren ' or MaskelFs ^ Resistance Formula'), The 
present position of such treatments is outlined in IL J, RusselFs ' Soil Con- 
ditions and Plant Growth k The results of an experiment on the inter- 
relation of the factors controlling the yield of cotton under irrigation in the 
SudaUj in which the present author was concerned , have ^already been 
published (8). In that paper emphasis was laid on the necessity of con- 
sidering simultaneous action of diverse factors, and the end in view was to 
establish what were the optimal relations between the various factors. 

In the second method the morphological and physiological processes 
resulting in the final crop are studied and the measurements deal with rates 
of change and growth curves rather than with the integration of these 
values as expressed by the final crop yield. This type of study originated 
in the classical work of W. L. Balls (2) on the analysis of the yield of the 
cotton plant in Egypt, Balls dealt primarily with flower curves and his 
range of observations was too limited for a complete analysis of crop pro- 
duction. The method was developed by Gregory and his collaborators (5, 
6, 7, 85 9)5 by Maskell (iO), and by Briggs, Kidd, and West (3). 

The above distinction between the two aspects is convenient for the 
presentation of data and for discussion. In the present paper emphasis 
will be on developmental studies and their relationships to the yields of 
cotton. 


Description of Experiment. 

The experiment was carried out on cotton grown under irrigation at 
the Gezira Research Farm, Wad Medani, Sudan, during the season 191^8-9. 
The factors studied were variations in the water supply (' water duty and 
in the nitrogen supply. Details of the treatments and cultivations were as 
follows*. 

Total area: 4-| feddans (each plot was 1/12 feddan).^ 

Date of sowing : August 20th, 1928. 

Sulphate of ammonia: applied October 6th, 1928, 

Spacing: Two plants per hole, 50 cm. between holes along ridges, 
and 80 cm. between ridges. 

Plants thinned : October ist. 

Irrigation : every fourteen days after mid-September. 

^ I feddan Si 1.058 acres, i rotl » 0^99 lbs. 
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Experimental Treatments^ 

Water duties (from early October onwards), 

L. Light (200-^^50 cubic metres per feddan)* 

M. Medium (350-400 „ „ „ 

H. Heavy (500-550 „ „ „ 

Nitrogen applications, 

1 Nil 

2 Single dressing (300 rotls ^ ammonium sulphate per feddan), 

3 Double dressing (600 rotls „ „ „ „ ), 

Each nitrogen application was given for each water duty making nine 
treatments. Combinations of the letters L, M, H, with the figures i, 2, 3y 
are used throughout the diagrams to denote the treatments. Each treat- 
ment had sixfold replication, giving fifty-four plots in all. 

The land occupied by the experiment was under cotton and artificial 
irrigation for the first time, but it had previously been cropped with rain- 
grown dura. The seed used was Sakellaridis variety, main farm crop 
(Tokar origin). The spacing of the crop and the dates of sowing, thinning, 
and ammonium sulphate application were chosen as being the most likely, 
in view of previous results at the Gezira Research Farm, to be optimal. 
Owing to the risk of flooding, and the difficulty of ensuring that adjacent 
plots received their allotted water duty, the layout was arranged so that 
six plots on any one water channel were of the same water duty. The 
distribution of the water duties among the nine channels, and of the six 
nitrogen treatments within any one channel, was at random. Since the 
measurements on the plants necessitated walking on the irrigated soil, duck- 
boards were used to obviate mechanical injury to the roots and puddling 
of the soil by treading on the wet soil after an irrigation. The total amount 
of water given to the whole experiment at each irrigation varied during the 
season with the dryness of the soil, but, on all occasions after early October, 
there were similar differences between the light, medium, and heavy 
waterings* As young cotton plants are very susceptible to damage from 
heavy irrigation, differential irrigations were not introduced until October, 
in order to obtain a uniform stand. 

Damage from blackarm {B. malvaceartmi) was negligible, but thrips 
caused light damage to the northern part of the experiment during late 
October : further damage was avoided by spraying. Leaf curl commenced 
during October and was widespread on all treatments before the end of the 
experiment. 

^ I kantar 315 rotls. 
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Developmental Observations. 

(a) Heights, node numbers, and internodes. 

The normal cotton plant consists of a main stem bearing monopodial 
branches of unlimited growth in the axils of the leaves at the base of the 
plant. Higher on the main stem sympodia are produced in the axils of 
the leaves and bear at each node a terminal flower, growth being continued 
by a lateral bud. The sympodia may thus have a considerable number of 
flowers of varying morphological order. The whole morphology of the 
plant has been well described by Balls (.2). 

The plants used in this experiment are characterized by limited 
monopodia! and sympodial growth. In consequence, the successive phases 
of leaf, flower, and boll production are clearly defined in time, which 
facilitates observation. 

The observational data were chosen to reflect the results of different 
physiological activities. The meristematic activity is reflected by the 
number of nodes produced on the main stem and by the number of flower- 
buds on the sympodia, from which the rate of development of new parts 
may be determined. The growth of the individual parts of the main stem 
is measured by the internode length, derived from node numbers and 
heights. The potential cropping power is determined by flower counts, and 
the flower productivity by boll numbers. As the cotton flower remains 
open only for a few hours, the separate daily totals represent the actual 
rates of flower production. Limitation of the crop by shedding of develop- 
ing bolls is derived from the series of flower and boll counts. 

For observation purposes the plo’ts were subdivided, half of each 
being reserved for final yields and for selected observation plants, and half 
for the removal of plants at the whole-plant sampling. 

The frequency and number of observations are shown below : 


Observation. 

Frequency of 
observation. 

Per plot. 

Per treat- 
ment. 

Total. 

Node numbers 
Heights 

Flower numbers 
Boll numbers 

14 days 

14 days 

Daily 

Daily 

5 pairs 

10 „ 

IS „ 

15 ,, 

30 pairs 

60 „ 

90 >, 

90 j. 

270 pairs 
540 „ 

810 „ 

810 „ 


Immediately after thinning, plants for observation were selected at random 
within the limits imposed by the conditions : (i) correct spacing, (a) plants 
per hole, and ( 3 ) within the four central rows of each plot, for convenience 
when using duckboards. These restrictions still allowed a random choice 
of one hole in eight, at least. 

The results of the observations^ are presented below in a uniform 
manner. Each table shows the average values of the six replicates of each 
;; 0 |.;l;he': mine ,treatmentsy Each ' row ' or ■ column represents , the effect of 
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increase of water or nitrogen respectively, while the other factor is main- 
tained at a constant level. The marginal totals represent the effects of 
water and nitrogen averaged for the three levels of the other factor. The 
general mean is also included. The appropriate standard error (S. E.) for 
comparisons of treatment effects is given with each Table. (Those for 
‘ water' and ^ nitrogen’ relate to the appropriate marginal means, and those 
for ‘ interaction ’ to the individual values within the set of nine.) 

The average heights of the main stem and the average numbers of 
nodes per plant on the main stem are given in Table I for two dates of 
observation. The average internode lengths of the main stem at the end 
of the experiment are also included. 

At both dates the marginal totals show increases in both height and 
node numbers, with increasing nitrogen and water supply. The effect of 
nitrogen is considerable and increases with advancing age, but the effect of 
water is much less marked. Examining in turn the rows entered in the 
table, it is seen that the extra height obtained for an increment of water 
increases with each addition of nitrogen. Similarl}^ from the columns, the 
rate of increase of height with nitrogen supply also increases with the 
amount of water. These variations in the action of one factor at the different 
levels of the other factor constitute the interaction of the two factors. On 
examining the node numbers in the same way, it is seen that these do not 
show regular differences at the first date, while at the second date each factor 
gives similar increases irrespective of the level of the other. Apparently, 
therefore, the effects of water and nitrogen interact in height development 
but not in node number. These conclusions are confirmed statistically. 

Internode length shows a significant average effect of water supply, 
increase of water supply resulting in longer internodes. The average 
effect of nitrogen is very small, as may be seen from the marginal totals. 
There is, however, a large interaction effect, since with light watering 
increase of nitrogen decreases the internode length, whereas with heavy 
watering increase of nitrogen increases internode length. This interaction 
is confirmed statistically. 

(b) Length of main stem. 

The effects shown in Table I indicate clearly the different functions of 
water and nitrogen in determining the growth of the main stem. Node 
numbers show the effect of nitrogen directly. Meristematic activity isv" 
dependent on a ready supply of nitrogen and ceases when the level of 
nitrogen in the plant has fallen below a critical level. The time at which 
this level is reached is delayed with higher nitrogen supply, and hence node 
production continues for a longer period. In addition, the rate of produc- 
tion of nodes is limited, after the very early stages, by the nitrogen con* 
centration within the plant, and, for this reason also, the higher node 
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number is found with higher nitrogen supply. Water^ on the other hand, 
has little effect on node production ; apparently it is never so restricted as 
to prevent the meristematic activity. The height of the plant is deter- 
mined by the product of node number and internode length. It has been 
seen that the effect of water on internode length is considerable and is 
highly significant. The effect of nitrogen on this character depends on the 
level of water. The reduction of internode length with increasing nitrogen^ 
with light watering, is doubtless related to the greater number of nodes 
produced at the higher nitrogen level. Water supply is sufficient to allow 
meristematic activity to proceed, but it is not sufficient for the extension 
growth of the internodes thus formed, and therefore the individual inter- 
nodes remain shorter the larger the number present on the plant. With 
increasing water supply this effect disappears, and a small increase in 
length of internode is obtained by increasing the nitrogen supply. There 
can be no doubt that the cell number is determined by the nitrogen supply 
and the size of the individual ceils by the water supply. Both factors 
cause significant increases in heights. At all levels of water, the height is 
increased by the addition of nitrogen owing to the fact that, even at low 
water level, the increase in node number more than compensates for the 
decrease in internode length ; whereas at high water level the two effects 
intensify each other. 

The independence of water and nitrogen on meristematic and exten- 
sion growth is of great importance in understanding the adaptations of the 
plant to periods of intermittent drought, such as occur under irrigation in 
the Sudan. In the periods between irrigations the water supply apparently 
never falls so low as to prevent the laying down of new parts, and meriste- 
matic activity, as measured by flower production, shows no periodicity 
corresponding with the periods of irrigation. When water supply is again 
increased, rapid extension growth may proceed so that the effect of fluctua- 
tions in water supply disappear. 

(c) Flower production. 

The curve of flower numbers, obtained from the daily flower counts 
and expressed as the total number of flowers produced up to a certain date,, 
is of the usual sigmoid type, and has the same form for all treatments,, 
although the slopes and final values vary with the treatments. This curve 
closely resembles in form the curve of an autocataiytic reaction as has been 
shown by Prescott (13). 

The data for flower production are presented graphically in Fig, i,. 
which gives values for five-day overlapping means, derived from the daily 
totals for each treatment. The curves represent the deviations of the daily 
values of the separate treatments from the mean daily value of all treat- 
ments, over a period from November isth to December 14th, "which covers. 
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the main flowering period. A point above the zero line in the diagram 
represents an excess of flower production over the mean and a point below 
a deficit It is seen that the curves fall into three well-marked groups. 



Fig I. Graph showing daily rates of dower production of separate treatments, as deviations 
from mean flowering rate of all treatments. 

The lowest group contains all the plants, which receive no nitrogen dress- 
ing; in this group differences due to the differential waterings are small, 
but in general the heaviest water gives the highest values. The second 
group includes all the plants with the single dressing of nitrogen* For 
these, differences due to water are more marked, the heaviest watering 
(Hi 2) lying above the zero line and the other two water levels (M L 2^) 
below it. This group also includes the treatment with a double nitrogen 
dressing and a light watering (L3), which gives a flower production almost 
equal to that produced by a single nitrogen dressing and heavy watering 
(H 3). Further increase of water supply with the double nitrogen dressing 
is reflected in a large increasSe in flower production, as is seen in the third 
group. The interaction of water and nitrogen is thus clearly shown by this 
I diagram. The increase in flower production due to increased water supply 
I becomes progressively greater as the nitrogen level is raised. The type of 
I interaction is therefore similar to, but much more pronounced than, that 
already seen for heights of plants. The diagram brings out a further 
point. At the commencement of flowering the nitrogen effects are not 
clearly marked, but, as flowering proceeds, the curves separate out accord- 
ing to differences of treatment. In the early stages of growth the number 
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of flower-buds laid down is limited by the development of the stem, for 
only a few positions are available for the production of flowers in the small 
number of sympodia then present. At this stage, as will be shown later, 
the level of nitrogen in the plant is high for all treatments. Nitrogen 
supply is therefore adequate to develop flowers in all available morpho- 
logical positions irrespective of treatment. As the plant ages the number 
of available positions increases exponentially and the demand for nitrogen 
becomes increasingly great. The internal level of nitrogen falls as the 
demand overtakes the supply, and this is reflected in the falling rate of 
flower production in the low nitrogen series, as compared with those 
receiving nitrogen dressings. Eventually, in all series, internal starvation 
of nitrogen checks flower production so that the curves converge to the 
same low values. 

For each nitrogen level increased water supply shows some increase in 
flower production. This eftect of water may result from the sympodial 
arrangement of the flower buds. Although the flower bud is undoubtedly 
laid down early in the development of the sympodinm it does not develop 
fully until the extension of the sympodium has occurred and the vascular 
supply differentiated. Water is needed for this extension growth, and, if 
the supply is inadequate, the potential formation of the flower is prevented. 

The effects discussed above are shown clearly in the total flowers 
produced up to two dates (December 31st and April 30th), given in 
Table IL 

The average effect of nitrogen, as seen from the marginal totals, is 
■ clear at both dates. The effect of water is much less marked, and, indeed, 
at the first date fails to reach statistical significance. The interaction effects 
are of the type already discussed and are found to be highly significant at 
both dates. 

(d) Boll production. 

The mature bolls produced on the plants observed for flower produc- 
tion were counted daily and separated into healthy and diseased bolls. 
The effect of the treatments on boll production may be assessed from the 
data presented in Table III for two dates. 

At both dates the effect of nitrogen is marked and highly significant. 

It will be seen, however, that at the first date there is a reduction in number ( 
of bolls with increasing nitrogen supply, whereas at the later date there isj 
a very large increase, of approximately 88 per cent The effect of water r 
supply on boll production is similar to that of nitrogen, i.e. a reduction of | 
bolls at the early date followed by an increase. The effect of water on 
total bolls until December 31st does not attain statistical significance. At 
the later date a significant effect is obtained, but of a lower order than that 
of nitrogen. The decrease in boll production mflth increase of nitrogen 
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supply, early in tlie life of the plant, shows the well-known effect of delayed 
maturation due to excess nitrogen. 

Examination of the data shows that variation in boll number with 
water supply is uniform at all levels of nitrogen up to December 3rst and 
vice versa. There is, therefore, no interaction between the factors at this 
stage. At the second date there is a marked interaction similar to that 
with flower numbers and height measurements. 

The boll numbers presented above include diseased bolls which make 
no contribution to yield. Similar effects are, however, obtained when 
healthy bolls alone are considered. A comparison of the tables for April 
30 tli shows that the incidence of disease is small and is not affected by the 
level of nitrogen. 

(e) Bo/l shedding. 

The number of bolls shed during development are calculated from the 
flower and boll numbers and are given m Table III as a percentage of the 
total flowers produced. Least shedding occurs at the medium levels of 
both factors, but only the effect of water supply is significant. It has not 
been possible to explain these observations. There is little evidence here 
that water is the main factor in boll shedding, as was suggested by Balls (2). 

Sampling Data. 

To determine the increase in weight of the cotton plants, the dis- 
tribution of nitrogen within the plants, and the rate of removal of nitrogen 
from the soil, the whole plant sampling method developed by Gregory (5, 6) 
was used. 

The whole plant samples were taken at I4“day intervals throughout 
the season (October until April), immediately preceding each irrigation. 
As root excavations on a field scale were impossible, sampling was re- 
stricted to the parts of the plants above ground level ^ At each sample 
five pairs of plants were removed from each of the special half-plots, the 
choice of plants being random except for the restriction that the pairs 
removed were correctly spaced. Thus 540 plants were removed on each 
sampling day and 8,ioc plants during the course of the experiment. 

For convenience the plants were separated into (j) ^ green leaves^, 
which represent the assimilating material, (2) 'stems’, including also 
petioles, flower branches, and dried boll cases, which represent conductive 
and mechanical tissue, (3) ‘ flow^er-buds including the open flowers, when 
present, and (4) ‘ green bolls which represent the potential crop. The 
seed-cotton was picked separately, and later included in the total plant 
weights. The dead leaves and shed branches, buds, and bolls could not be 
collected satisfactorily, and were omitted from the sampling weights. This 
resulted in a decrease in total dry weight and total nitrogen content during 
/'December, „ ' ' 
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Dry weights were obtained for the groupings given above^ and the 
material was ground in a disintegrator for nitrogen analysis. Lint was 
analysed separately, and in the ripening bolls the lint was removed from 



Fig. 2. Graphs showing dry weights of (a) green leaves and (/;) whole plant for successive 
fortnightly samples, for the four extremes of treatment. 

the bolls before grinding was possible. The nitrogen analyses for each 
sample were carried out in the Government Chemist’s Laboratory, W«T.R. 
Laboratories, Khartoum.^ 

As root weights were omitted, the ‘whole plant* weights mckide only 

^ The author wishes to record his indebtedness to Dr. Joseph and Mr. Whitfeild, without 
whose extensive co-operation the samples could not have been analysed. 
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the aerial parts of the plants. The effect of the omission of root weights 
was small, for isolation of single plants showed that the dry weight of the 
whole root was small compared with that of the rest of the plant. 



Fig, 5. Graphs showing dry weights of {d) stems, (^) flower-buds, {c) green bolls, for successive 
fortnightly samples, for the four extremes of treatment. 


(a) Dry weights. 

The dry-weight data of green leaves, stem, flower-buds, green bolls 
and of the whole plant, obtained fortnightly throughout the season, are 
summarized graphically in Figs, a and 3 for the four extreme treatnients. 
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These curves show no differences in weight due to treatment at the time 
of the first sample, but with advancing age the curves separate. Those for 
no nitrogen application reach an early maximum and then decline, except 
for the stems. Those for plants receiving nitrogen applications continue to 
rise, and reach later and higher maxima. The effect of water supply is 
clearly shown, but, although the light watering gives low weights, the times 
of the leaf-weight maxima in the two series show no marked difference. 
The curves of green leaf weights reach a minimum value and then subse- 
quently rise. The minimum occurs later in the series receiving the double 
nitrogen dressing, and again the position of this minimum is unaffected by 
the water supply. The secondary rise in the curves is due to resumption 
of growth after the first flush of bolls has matured. The earlier minimum 
in the low nitrogen series is due partly to earlier maturation, but mainly to 
the fact that the period of boll production is curtailed in these plants. The 
influence of the reproductive phase in limiting vegetative growth, shown 
experimentally by Eaton (4), is clearly demonstrated by these data. Similar 
effects are seen in the curves of flower-bud and green boll weights. The 
recovery in these cases is-, much delayed, since vegetative growth must 
precede flower production. 

Statistical examination of the data shows that the nitrogen effect 
becomes significant at sample 3 (November 5th), and the water effect at 
sample 4 (November Tpth). The interaction effects are very marked ; the 
curves for low nitrogen diverge but little with water treatment, while with 
high nitrogen there are large differences due to water supply. This is 
seen in all the curves. The interactions are found to attain statistical 
significance at the time of sample 4 (November 19th). 

(b) Derived data. 

From the sampling data of dry weights, estimates of relative leaf 
growth rate, relative rate of total dry-weight increase (‘ efficiency index 
and net assimilation rate were obtained by methods used by Gregory (6). 
(The derived data refer only to the growth of the aerial parts.) The net 
assimilation rate is calculated on the basis of unit weight of leaf instead of 
unit area, owing to the difficulty of estimating leaf area in the field. 

The relevant data are entered in Table IV. Statistical examination 
showed that the interaction effects of these data were in no case significant : 
average values were therefore obtained by grouping the data under the 
headings of {a) increasing water and (5) increasing nitrogen. Relative 
deaf growth rate shows high values in the period between the first two 
samples (October 8th to aist). After this they fall rapidly, attaining 
negative values (falling leaf weights) at the time of the fourth to fifth 
sample (November 19th to pecember and). Statistical examination shows 
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that the effect of water on relative leaf growth rate is not significant, 
whereas the iiitiogcn effect is very highly significant. 

Table IV, 

Groivth Rates : Effects of Water and Nitrogen Supply, 


Relate c leaf growth rate. 


Sampling 

Date. 


Water. 


Nitrogen. 


periods. 

L. 

M. 

H. 

I. 

2. 

3- 

1-2 

Oct. 8-21 

5-10 

4*94 

5*42 

4-92 

470 

5*83 

2-3 

,5 22“Nov. 4 

0*89 

1.62 

1.70 

070 

X'69 

1-82 

3-4 

Nov. 5-1S 

r-24 

0-86 

1.99 

0*65 

1-40 

2*04 

4-5 

,, 19-Dec. 2 

-o.is 

076 

'-0-26 

“-0-40 

0-07 

0-69 

5-6 

Dec. 3"I6 

- 1*04 

-0-97 

0-21 

-1-56 

- 0*37 

0-13 


Relative rate total dry-weight increase 


Sampling 

periods. 



0 Efficiency index’), 



Date. 


Watei. 


Nitrogen, 




L. 

M. 

H. 

I. 

2. 

3- 

1-2 

Oct. 8-21 

5 - 4 T 

5*50 

5-84 

5*45 

S*i6 

6*13 

2-3 

,, 22-Nov. 4 

2*28 

2-84 

2*93 

2*14 

2*92 

2*97 

3-4 

Nov. 5 ~i8 

278 

2*44 

3-07 

2*39 

271 

3*19 

4--S 

,, 19-Dec. 2 

274 

3.02 

2*52 

2 68 

2-56 

3-05 

5-6 

Dec 3-16 

0*69 

1*09 

i*o6 

0*21 

1*19 

i'35 


Net assimilation rate. 


Sampling 


Date. 


Water. 



Nitrogen 


periods. 


L. 

M. 

H. 

I. 

2, 

3- 

1-2 

Oct. 

8-21 

9*66 

9-90 

10*44 

9-98 

9*24 

10*79 

2-3 


22-Nov. 4 

4-69 

5*91 

5*99 

4-58 

6’o6 

5*94 

3-4 

Nov. 

5™i8 

7-36 

6*36 

7-60 

675 

6*90 

7*67 

4- 5 

5- 6 

jj 

Dec. 

19-Dec. 2 

lo-io 

3-43 

11*19 

4-69 

9*i6 

578 

11*29 

1*01 

9*20 

7-09 

9*95 
5 -So 


Relative rate of total dry-tveight increase (efficiency index) also shows 
a high value over the first period, after which it remains neatly constant 
until early December. Again the effect of water is found to be insignificant, 
whereas nitrogen shows a significant effect, which is of a lower order than 
the effect on relative leaf growth rate. 

Net assimilation rate values show considerable fluctuations, no doubt 
associated with the variations in climatic conditions. Thus the highest 
actual assimilation rate is found in the period from sampling four to five in 
the treatment receiving no nitrogen application. That the fluctuations are 
in fact due to external factors is shown by the high correlations for the 
values for different treatments over corresponding periods. Only in the 
last period does there appear to be a real fall in assimilation late, and this 
is the time when maximum leaf weight is passed. Statistical exammation 
shows no significant effect of variation In either water or nitrogen supply. 

Reviewing the data presented in this section, it is clear that niflogen 
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has a predominant effect on relative leaf growth rate and a much smaller 
effect on efficiency index. Net assimilation rate is unaffected by either 



Fig. 4. Graph showing total nitrogen content of plants throughout season for all treatments. 


water or nitrogen supply from the earliest samples up to the time of 
maximum leaf weight In this respect these findings are in complete 
agreement with the results obtained by Gregory (6) on the effect of nitrogen 
on the growth and assimilation of barley* 

(c) Nitrogen content of the plants. 

Nitrogen has been shown to play the predominant part in regulating 
the growth processes of plants. The results of systematic nitrogen deter- 
minations are shown graphically in Figs. 4 to 6, The total nitrogen 
content of the plant is presented for each treatment in Fig. 4 as grams 
of nitrogen per 60 plants. It is seen that at the first sample there are no 
differential effects of treatment, but with advancing age differences become 
apparent. All treatments show at first a rapid rise in nitrogen content, 
the three series with lowest nitrogen level (no added nitrogen) reaching a 
maximum simultaneously at sample 5 (December 3rd). The series at 
medium nitrogen level continue to rise to a maximum at sample 6 (De- 
cember xyth), except for those receiving light watering, which reach their 
maximum at the fifth sample. The series at highest nitrogen level show 
differences with water supply • those with light and medium water reach 
their maxima at the sixth sample, but that with the highest level of both 
factors does not do so until sample 8 (December 31st). In general, the 
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groop of curves resemble closely those in Fig. 2, for dry weight of the 
whole plant. As no independent replicates were available^ no statistical 



Fig. 5. Graph showing nitrogen percentage of dry weight for (a) green leaves, (<?>) ^flower-buds, 
{c) stems, if) green bolls and lint, and {e) seeds and lint, 

examination was possible. The effects of the single factors and their 
interactions resemble those already discussed. 

The nitrogen contents are shown as percentages of the dry weights in 
Fig. 5 for the four extreme treatments, other treatments having intermediate 
values. In the green leaves there are only small treatment differences at 
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the time of the fii'st sample. The nitrogen contents decline steadily with 
successive samples to minima at samples 6 and 7 in the series with low 
nitrogen, and at samples 8 and 9 in the series receiving high nitrogen* A 
subsequent rise occurs in all series. A delay in reaching the minimum 
value of nitrogen content of green leaves with increasing added nitrogen 
corresponds with the delay already seen in the time of minimum green 
leaf weight ; a difference of three sampling periods is found in each case. 
Yet the actual time at which the mininum nitrogen content occurs is seen 
to antedate the time of the minimum leaf weight Further, it is seen that 
the maximum point on the leaf weight curve in the series with low 
nitrogen level corresponds with a nitrogen content of approximately 2^-5 
per cent. The curves for the series with high nitrogen reach the same 
percentage content between samples 6 and 7, which again corresponds 
closely with the points of maximum leaf weight. It would appear, there- 
fore, that a concentration of 2-5 per cent, of nitrogen represents a critical 
level at which dying off of old leaves overtakes production of new leaves. 

The treatment effects on the percentage nitrogen contents of flower- 
buds are seen to be more marked than on the green leaves. At the first 
sample the nitrogen content is approximately the same as in the green 
leaves, and the treatment effects are not marked. The fall of nitrogen 
content is much more rapid in the low nitrogen series, and a minimum is 
reached at sample 7 (December 31st). The high nitrogen" series show a 
delay of one period before the minimum occurs, and the level of nitrogen 
never falls so low in the flower-buds of these plants. Comparing these 
curves with those for flower-bud weights, it is again found that the maxi- 
I mum flower-bud production, which occurs at sample 4 in the low nitrogen 
series, corresponds with a nitrogen content of 2*5 per cent. The same 
nitrogen content in the high nitrogen series with light watering (L 3) occurs 
I between samples 5 and 6, and in the high nitrogen series with heavy 
I watering (H 3) between samples 6" and 7* These points are seen to coincide 
I with the maxima on the flower-bud weight curves (Fig. 3). The apparent 
maximum flower-bud weight at sample 8 in the series receiving both 
maximal nitrogen and water supply (H 3) is obviously due to a sampling 
irregularity since high values occur in all parts of the plants for this 
sample (Figs. 2 and 3). The occuri'ence of maximal values of flower-bud 
weight at a nitrogen level of 2*5 per cent, would appear to be established 
With exactitude. The recovery in the leaf and flower-bud weights after 
the minimum has been reached is thus associated with a rise in percentage 
nitrogen content of the vegetative part of the plant, after removal of the 
mature bolls. 

The nitrogen content of the stems shows little variation either with 
time or treatment. A minimum, not well marked, occurs at sample 7 at a 
time corresponding’ with the’ minima in the; green”' leaves and fiower-btids jn 
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the series receiving no nitrogen. The accumulation of nitrogen, therefore, 
in the stems is not large. The absence of a differential effect due to treat- 
ments ill this case indicates that the nitrogen in the stem is mainly in 
translocation, and that the fall in nitrogen content in the stem is due to the 
general fall in concentration in the leaves and flower-buds. The effects 
may be due in pait to the increasing differentiation in the stem due to 
advancing age. 

The effect of treatment on the nitrogen content of the bolls is very 
marked, the seiies at higher nitrogen level giving consistently higher values: 
the effect of water is small and inconsistent The persistently high level of 
nitrogen in the bolls as compared with the rest of the plant is sti iking. 
The effect of treatment on the nitrogen content of the seed, though much 
less marked, is still evident. In the unripe lint from the developing bolls 
the nitrogen level slowly fails, and indications of treatment differences 
still persist, whereas the ripe lint is characterized by a uniformly low 
nitrogen content in all treatments. 

The distribution of nitrogen within the plant at different stages of 
development is shown graphically in Fig. 6 for the maximal treatment 
(H 3) ; the other treatments all give similar results. The diagram shows 
that the stem at all stages contains relatively small proportions of the total 
nitrogen. At the time of the third sample the major portion of nitrogen 
is present as green leaves, but, after this, the total nitrogen content of the 
bolls rapidly increases, reaching by sample 6 one half of the nitrogen then 
present in the aerial parts of the plant. From this point onwards the nitrogen 
in the vegetative parts declines owing to death of leaves. After sample 8 
the nitrogen is found to be increasing progressively in the seed cotton. 
During picking, therefore, the major portion of the nitrogen is removed 
from the plant. The beginning of secondary vegetative growth leading to 
nitiogen accumulation is clearly seen after sample 12. 

The distribution of the total plant nitrogen between the vegetative 
parts (green leaves) and the reproductive parts (flower-buds, flowers, and 
bolls) is shown in Fig. 7 for the four extremes of treatment. The cuives 
aie necessarily mirror images, since the stems have a low and almost 
uniform nitrogen content. The rapid fall of nitrogen content in the leaves 
is thus due to the rapid increase in the nitrogen in the I'ep reductive parts. 
The nitrogen supply from the bolls is evidently drawn mainly from the 
leaves. The treatments produce only small differences, indicating that the 
distribution of nitrogen within the plant is independent of the absolute 
number of flowers and bolls prodticed. The inference to be drawn from this 
is clearly that the progressive development is conditioned mainly by factors 
within the plant. The maximum lag between the extreme treatments is 
seen to be rather less than one sampling period, which reflects the delays 
in maturation due to nitrogen application. The plant thus behaves as if 
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the whole process were predetermined. It is in fact controlled by onset of 
internal nitrogen starvation through the drain on nitrogen supply within the 
developing bolls. 



Fig. 6 . Graph showing distribution of nitrogen within the plants of the treatment receiving 
maximal nitrogen and water supply (H3). 

The efYects of the treatments on the nitrogen economy of the whole 
plant are best seen from the diagrams, in Fig. 8, in which the percentage 
nitrogen content of the whole plant is presented. Water supply has a 
negligible effect, but addition of nitrogen a marked effect on the rate of 
fall of the nitrogen concentration within the plant. 

(d) Uptake of nitrogen by the plaiits* 

From the dry weight data and the nitrogen content, the uptake of 
nitrogen has been calculated both as absolute and relative rates of uptake, 
and the effects of the treatments on these processes are shown in Fig. 9. 
The absolute rates of uptake (Figs. 9 a and 9 b) show a steady rise to a 
maximum between samples 4 and 5, and a rapid fall subsequently. The 
maximum occurs before the maximum leaf weight, and at the point of 
inflexion in the sigmoid curves for the whole plant weights* The trans- 
ference of nitrogen to the developing bolls is most rapid at the time of 
maximum rate of nitrogen uptake (Fig. 7). From this point of greatest 
demand for nitrogen by the plants the rate of uptake of nitrogen from the 
soil rapidly declines^ The rate of nitrogen uptake is clearly influenced by 
nitrogen' supply, but not markedly by the water supply. The' relative rates of 
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nitrogen uptake (Fig. 9 c and 9 d) show a rapid decline from the first to the 
second period, after which they remain nearly constant, until the time 



Fig. 7. Graph showing nitrogen in green leaves and in reproduction parts (flower buds and bolls) 
respectively as fractions of the total nitrogen in the plant. 



^3456l 25456 


Sample 

Fig. 8. Graph showing the percentage nitrogen in the whole plants for effect of water 
supply and (d) effect of nitrogen supply. 


corresponding with the maximum on the absolute uptake curves. After 
this, both absolute and relative rates fall rapidly to zero. The effect of 
treatment is not so marked on the relative basis, but nitrogen appears to 
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be more effective than water. These rate data are naturally subject to 
considerable errors of sampling. 

Referring once more to the absolute rates of uptake in Figs. 9 a and 



Fig. 9 * Graphs showing effect of water supply and of nitrogen supply on the actual rate of 
uptake of nitrogen {a) and (<5), and on the relative rate of uptake of nitrogen (c) and {d)> 

9 h it will be seen that from the time of the second sample the rate of up- 
take of nitrogen increases markedly with the soil nitrogen supply. Since 
the rate of uptake is the product of absorbing area and concentration, these 
differences may be due to differences in root size or in concentration or in 
both. The dry-weight data for the whole plant show no differences due 
to treatment at the time of the second sample (Fig. i^), and presumably, 
therefore, the root systems; show no differences. /Since. high nitrogen kvetl 
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is known to decrease root growth, it seems probable that the variations in 
the rate of uptake of nitrogen are due solely to variations in concentration 
of available nitrogen in the soil. The more rapid entry of nitrogen into 
the plants receiving high nitrogen is reflected in increased merlstematic 
activity^ leading later to increased morphological development of these 
plants. 


Final Yield. 

The final yields of seed-cotton of the separate experimental plots are 
given in Table V in a manner which shows the actual experimental layout. 


Table V. 

Layout of Experiment and Yields {in Kan tars per Feddan). 
(Nitrogen treatments are given in brackets before the yields.) 

Water-duty. 


M 

(2) 

240 

(I) 

1*94 

(3) 

4*30 

2) 

272 

(I) 

M 7 

(3) 

2-52 

H 

(3) 

3-58 

(2) 

3.25 

(I) 

1-35 

(I) 

1*53 

(3) 

3-62 

( 3 ) 

3*12 

M 

(3) 

2*90 

(I) 

1-25 

(I) 

1*37 

(3) 

2*26 

( 3 ) 

2-o6 

(3) 

2*38 

L 

(I) 

1*53 

(2) 

1-90 

(2) 

1*97 

(I) 

I- 4 I 

(3) 

2-17 

(3) 

2-i6 

M 

(3) 

2-95 

(2) 

2-39 

(I) 

1-50 

(3) 

3*19 


1-98 

( 3 ) 

2.87 

H 

(2) 

2-68 

b) 

427 

(3) 

4* 16 

(I) 

178 

(2) 

2-37 

(I) 

I-4I 

L 

(I) 

1*27 

(0 

1.26 

(2) 

2*00 

(3) 

2*46 

(3) 

2*43 

(2) 

178 

L 

(3) 

2*20 

(2) 

2*12 

(1) 

1*36 

(2) 

2‘12 

(3) 

2‘28 

(I) 

1*44 

H 

(3) 

3*66 

(3) 

3-46 

(2) 

2*8o 

(I) 

I*8l 

(i) 

1*62 

(2) 

2*57 


The cumulative totals of the fortnightly pickings of each treatment 
are shown graphically in Fig, 10. The effects of the treatments and their 
interactions are very similar to those already studied in the flower data. 
The picking curves are all of the same type — sigmoid carves. The treat- 
ments with the lowest final yields have the highest early values, thus 
showing the delay in production of seed cotton at higher nitrogen levels. 
This delay has already been pointed out in connexion with the onset of the 
reproductive phase (Fig. 7). The points of inflexion of the carves occur 
between pickings 3 and 4 (January 13th to 37th). This delay of a fortnight 
between the times of maximum rates of picking corresponds to a similar 
difference in times of maximum weights of flower-buds, and, later, of green 
bolls, as is seen in Fig. 3. 

The final weights of seed cotton for the various treatments are shown 
in Table VL 

The effects of both water and nitrogen are marked, nitrogen having 
the greater effect. The interaction also is very evident, and is of the same 
type as in the heights, flower-buds, bolls, and leaf weights. These effects 
are all highly significant statistically. 

The results in Table VI were obtained from all the plants in the half- 
plots retained for yield measurements. All previous data on morphological 
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development were derived only from selected observation plants. Before 
definitive conclusions may legitimately be drawn from such data^ their 
adequacy as representatives of the whole yield area must be considered^ 
In order to do this the ratio of the yield of the observation plants to that 
obtained from the whole picking area has been calculated for each treatment 
(Table VII). 


Table VL 

Yields of Seed Cotioji {Kantars per Feddan). 


Nitrogen, 



f Water 

0*22 


S. E. - 

Nitrogen 

o*o6 



[Interaction o*i8 


Water L. 

M. 

H. 

Mean. 

. I 1-38 1-54 

1.58 

170 

2 1-98 2-45 

2- 80 

2-41 

3 2-28 3-04 

379 

3*04 

Mean 1-88 2-34 

2*72 

2-32 


Table VIL 

Ratio of Yields of Observation Plants to Whole Picking Aria, 


(As percentage of general mean ) 


Water 

L. 

M. 

H. 

Mean. 

Nitrogen i 

94 

lOI 

97 

98 

2 

107 

98 

106 

104 

3 

104 

104 

90 

99 

Mean 

lOI 

lOI 

98 

100 


It is evident that the variation in the individual treatment values is 
small, the maximum deviation being lo per cent. Further, there is no 
evident relation between the discrepancies and the levels of the factors. 
The observation plants may therefore be regarded as a representative 
sample and conclusions based on measurements from these plants may 
legitimately be applied to the whole plots. 

As the assimilation rate was found to be unaffected by nitrogen or 
water treatment, the successive leaf weights should give a measure of the 
amounts of carbohydrate material formed by the plants, and it should be 
possible to predict the final yield from the leaf weights throughout the 
season. Relative values of the mean leaf weight, expressed as a percentage 
of the basal treatment, agree closely with those for final yields, relative to 
the same basal treatment (Table VIII). 

The correlation coeflficient between mean leaf weight and final yield 
of seed cotton is +0*977, and therefore the final yield maybe predicted 
with accuracy from the data of leaf weight obtained before picking com- 
I mences. This method has been applied successfully to other Sudan 
I experiments. 
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Fig. 10. Graph showing the total seed cotton picked np to each successive picking date for all 

treatments. 


Table VII'I. 

Mean leaf weights, as percentage F inal yields of seed cotton, as 

of basal treatment. percentage of basal treatment. 


Water. L. 

M. 

H. 

Water, L, 

M. 


Nitrogen i loo 

88 

126 

Nitrogen i loo 

112 

IIS 

2 131 

147 

m 

2 141 

177 

203 

3 157 

198 

265 

3 165 

220 

281 


An even simpler method of predicting yield depends on the correlation 
between height measurements and final yields. The correlation coefficients 
between height and final yield are : 

for height on November 36th, r- +0-968 (significance greater than 
P = o-oi), 

for heights on April I5th-i6th, = +0-979 (significance greater than 
P = o-oi). 

Thus reliable estimates of yield under conditions such as existed in 
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this experiment can be obtained from height measurements a month before 
picking commences. 

For completeness further relevant data on the effect of nitrogen and 
water supply on boll and lint characteristics are presented in diagrammatic 
form in Fig, ii. The time taken for bolls to mature after flowering 
(maturation period) was' determined by labelling all the flowers on certain 
of the observation plants on each plot and recording the dates of opening 
of the bolls. Bolls subsequently found to be diseased were excluded from 
the averages. The healthy bolls were later used for lint-length measure- 
ments as described by Bailey (1). Samples were taken from all treatments 
at each picking for seed and lint weights, and for estimations of percentage 
weight of lint in seed cotton (ginning out-turn). 

The effects of water and nitrogen on individual seed weight show that 
with increasing nitrogen the seed weight progressively increases, whereas 
a minimum weight is always obtained with medium water supply. The 
cause of this water effect is not clear. A similar effect is seen on the weight 
of lint per seed, and all these effects are statistically significant. The 
important practical quantity (ginning out-turn), percentage of lint by 
weight in seed cotton, is not significantly affected by water supply. It is 
reduced by increasing amounts of soil nitrogen (Fig. ii) doubtless 
because the extra nitrogen increases the weight of the seed without a 
corresponding increase in lint. 

It would appear from the foregoing that the number of cotton hairs 
laid down remains constant in all treatments, and therefore the effect of 
treatment on lint weight must be largely due to variation in the length of 
lint This is confirmed by the large effect of nitrogen on lint length, as 
shown in Fig. ii. The effect of niti'ogen on the maturation period of the 
boll, as seen in Fig. ii, is such that higher nitrogen level leads to a slower 
maturation of the larger seeds produced. 

The seed number per boll remains constant, and therefore in all treat- 
ments the larger seed weight obtained with higher nitrogen results in a 
greater weight of seed cotton per boll. .. 

The effects obtained from gross yields of seed cotton apply equally 
well to the final yield of lint as is shown in Table IX. 

Table IX* 

Final Lint Weights {Rotls per Feddan), 


rfWater 237 
S. E. < Nitrogen 7*3 
Interaction 127 

Water. L. M. H. Mean. 

Nitrogen i 133-6 156-5 163*2 151*1 

2 I95'0 243*6 266-3 235*0 

3 224*4 300-2 359*3 294.6 

.Mean, , 184*3 233*4. 262*9: 226*9 
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The effects of the single treatments and their interactions are exactly 
similar to those seen in the weights of seed cotton, and are all found to be 
statistically significant. 



Fig. II. Graphs showing the effects of {a) nitrogen supply on ginning out-turn {hi) water 
and {h 2) nitrogen supply on weights of loo seeds, (f) water supply on weight of lint j^er loo seeds, 
{d) nitrogen supply on weight of seed cotton per boll, {e) nitrogen supply on maturation period of 
bolls and (/) nitrogen supply on lint length. 

Statistical Analysis. 

The tests of statistical significance quoted throughout this paper were 
made by an analysis of variance of the type illustrated in Table X for the 
final yield data. 
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Table X. 


Analysis Variance for Final Yield of Seed Cotton Weights. 


Water. 

Regression 

Deviation from regression 

Error 

Nitrogen. 

Regression 

Deviation from regression 

Error 

Interaction. 

(a) Water regression v. nitro- 
gen regression 

(i?) Water regression v. nitro- 
gen deviation 

(c) Nitrogen regression v. 
water deviation 

{d) Water deviation v. nitro- 
gen deviation 

Error 


Degree of 
freedom. 

Mean 

squares. 

Experimental 
^ Z ’ value. 

Probability 

5 %‘ 2 r’value. 

I 

I 

6*4009 

o*oi8i 

1-875 

0-895 

6 

0-1505 



I 

I 

27 

21*3290 

0*2399 

0*0631 

3*gi2 

0*668 

0-719 

0-719 

I 

2*5480 

1*290 

0-779 

I 

0*0032 



I 

0*0053 



I 

0*0027 



12 

0*1929 




The limitations of the layout require separate estimates of error for 
the nitrogen treatments, the water treatments, and for their interactions. 
The nine water channels with three water treatments in random order give 
two degrees of freedom for treatment effects and six degrees of freedom 
for error, i.e. for the discrepancies between the similarly treated channels. 
Within each water channel there are three pairs of plots at random with 
similar nitrogen treatments. Each channel provides three degrees of free- 
dom, giving twenty-seven for the error of the general nitrogen effects. The 
remaining sixteen degrees of freedom may be divided into four for the 
interaction of nitrogen and water, and twelve foi" the estimation of 
the standard error of this interaction. 

The results for the three nitrogen or the three water treatments may 
conveniently be analysed further in view of the circumstance that the three 
treatments are equally spaced. One may express the average effect of a 
unit supply of water (or nitrogen) as a regression of yield on water (or 
nitrogen), and then ascertain how far the effects of the intermediate dressing 
deviates from the mean of the two extremes. If L, M, H represent yields 
from equally separated treatments, then the regression of yield on treatment 
is given by | (H — L) and the deviation from regression by M — -KH + L). 
For strict proportionality between yield and level of treatment, the regres- 
sion degree of freedom would absorb the whole of the variance. Any 
curvature of the line relating yield to the level of the factor concerned 
would show as a deviation from regression. 
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In the analysis of variance in Table X, and from the graphs in Fig. 
it is clear that the mean yield curve in relation to water approaches a 
straight line, whereas the curve for nitrogen shows a considerable but 



Fig. 12. Yield of seed cotton (kantars per feddan) as function of amount of water (L, M, H) 

and nitiogen (i, 2, 3). 

statistically insignificant curvature. This close approach to proportionality 
justifies the consideration of the extreme treatments alone in many of the 
text-figures. It also shows that the experimental treatments were much 
below maximal, and that further increases in both water and nitrogen 
would have increased the yields considerably. 

The changes of nitrogen effect with water supply and vice versa provide 
four degrees of freedom, which are set out fully in Table X. The average 
effect of water on yield (water regression) increases regularly with the 
amount of nitrogen, and the average effect of nitrogen on yield increases 
regularly with the amount of water. The effects of water or nitrogen on 
the shape as distinct from the slope of the curves for the other factor are 
quite trivial (Fig. i!^). 

The tabulation of values provides a convenient means of sum- 
marizing the effects of water, nitrogen and their interaction on the various 
morphological characters studied. Table XI gives the ^ Z' value for those 
measurements for which some treatment effect is definitely significant. 
The data are grouped according to the types of significant effects observed. 
They include both the regression and the deviation from regression for both 
water and nitrogen and the interaction of these regressions* The other 
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portions of the interaction were never significant* Table XII gives a 
similar summar)^ for the dry weight of green leaves and of the whole plant 
at each of the fifteen sampling periods. Highly significant effects for 
water, nitrogen and their interaction were obtained consistently throughout 
the major portion of the growth period. The deviations from linear re- 
gressions which reached the significant level irregularly in one or two 
samplings out of fifteen are omitted. 

The effects of treatment and of age on growth rates are shown as ' Z ® 
values for the period October 8th to December 6th in Table XIII (^) and 
for the individual fortnightly periods in Table XI 11 {b). 


Table XL 

* Z ’ Values of Significances of Treatment Differences in Morphological 

Observations. 


Only * Z ' values above the 5 per cent probability point are included. 
Those above the i per cent, probability point are given in heavy type. 


Group (A) 


Water supply. Nitrogen supply. 

Deviation Deviation 

Regression. from Regression. from 

regression. regression. 


Interaction 
of water 
regression 
and 

nitrogen 

regression. 


Water duty, nitrogen application, and interaction all significant. 


Heights (Nov. 26th) i«6i 

Final heights i«57 

Final flower number 0*95 

Final healthy boll 

numbers i*io 

Final total boll 

numbers 1-25 

Final yield, lint 

weights 1*74 

Final yield, seed 

cotton weights i«88 


1-98 

— 

0*97 

2*00 

— 

1-09 

2*02 

— 

0*92 

1*14 

— 

0*95 

2-29 

— 

1-30 

2- 60 

— 

1*42 

2*91 

— 



Group (B). 

Only water duty and nitrogen application significant. 

Node numbers (Nov. 

26th) 0*98 — 3.44 _ _ 

Boll numbers (until 

Dec. 31st) 1-29 — 1*73 — 

Seed weight — 1-19 1.82 1 


Group (C). 

Only water duty and interaction significant. 


Lengths of internodes 1-09 


0*99 


^ No estimate of error available* 
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Table XI {continued). 

Group (D). 

Only nitrogen and interaction significant. 

Flower numbers (to 

Dec. 31st) — 2-15 

Group (E). 

Only water duty significant. 

Percentage bolls shed — 1.63 — 

Weight lint per seed — 1-23 — 


Group (F). 

Only nitrogen application significant. 


Final node numbers — — 2-43 

Weight seed cotton 

per boll — — 1*24 

Maturation period of 

bolls — — 1-42 

Lint length — — i-<74 

Ginning out-turn — — 1.02 

Group (G). 

No effects significant. 

Numbers seed per boil — — — 

‘Z’ values for I % point i'3i 1-31 1-02 


1-02 


1*15 


1 


PI3 


Discussion. 

From the data presented it is possible to arrive at definite conclusions 
as to the interaction of water and nitrogen in controlling the growth of the 
cotton plant. 


(a) The Functions of Nitrogen and Water. 

The main function of nitrogen consists in initiating meristematic 
activity, whereas that of water is the expansion of the parts thus laid down. 
The total growth of the plant depends primarily on the rate of develop- 
ment of the leaf surface and the efficiency of the leaves produced. It has 
been seen that the variations in leaf growth rate are accounted for almost 
completely by variations in nitrogen supply, the effect of water being quite 
subsidiary. Furthermore, there is no evidence that variations in either 
water or nitrogen supply affect the net assimilation rates of the leaves. 
The physiological functions underlying growth are therefore seen to be 
largely independent of the primary processes of carbon assimilation. 

The size of the plant is largely a measure of the rate of nitrogen 
metabolism and is independent of assimilation rate. The relative and 
absolute rates of uptake of nitrogen are therefore among the most impor- 
tant of the physiological reactions taking place in the plant. It has been 
seen that the relative rate of uptake follows the same course independently 

^ No estimate of error available. 
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of treatment, and that the absolute rate of uptake follows parallel courses for 
different levels of nitrogen. The distribution of nitrogen within the plant is 
substantially the same whatever the size of the plant. A self-regulating 
; mechanism is clearly operating in some such manner as the following. The 
rate of uptake of nitrogen is determined primarily by the concentration of 
nitrogen in the soil solution, and the rates of development of the plant are 
, proportional to the rates of inflow of nitrogen. In the early stages mor- 
phological development is not sufficiently rapid to reduce the internal con- 
‘centration effectively, but, as growth is essentially exponential in nature, 
more and more regions are laid down in which the mobile nitrogen is syn- 
thesized. Thus, as has been seen, in all series with all treatments the 
internal concentration of nitrogen falls, the rate of decline being determined 
by (i) the concentration of nitrogen in the soil, and {'z) the rate of develop- 
ment of the plant. The first of these factors is independent of the plant 
and can be controlled by manuring. So long as nitrogen supply is 
adequate, the second factor is determined solely by external factors. 
Eventually a point is reached in the life of the plant at which the rate of 
supply is inadequate to maintain the maximum rate of synthesis, and this 
point marks the beginning of internal nitrogen starvation. This condition I 
is characterized by the appearance of symptoms of nitrogen starvation, and! 
the time of onset is slightly delayed as nitrogen supply is increasedi- 
Evideiice has been presented to show that this condition is associated with 
a definite level of nitrogen within the plant, viz. : :Z'5 per cent, nitrogen in 
; dry weight. The plant appears to be a victim of its own morphological 
processes. Once flower-bud production has begun, boll development 
inevitably follows, and the nitrogen and carbohydrate reserves of the plant 
are used up. It has been shown that rapid, transference of nitrogen to the 
bolls occurs ; Maskell and Mason (11) have demonstrated in addition 
a similar drain on carbohydrates. Mason (12) attributed the cessation of 
vegetative growth and augmented susceptibility to shedding to the drain 
on the carbohydrates, but the evidence indicates that nitrogen is also con- 
cerned. Cessation of vegetative growth is due to diversion of nitrogen 
from the growing points, and augmented bud shedding to competition 
among developing flower buds and bolls for available carbohydrate or 
nitrogen reserves. 

Simultaneously with the rapid transference of nitrogen and carbo- 
hydrate to the bolls, the nitrogen uptake from the soil falls to zero. The 
sudden cessatiorr of nitrogen uptake at this stage is certainly the most 
important fact established in this paper. Its cause cannot be precisely 
formulated from the experimental data since in this study roots have been 
omitted. On general grounds, however, it may be stated without much 
fear of error that this cessation of uptake is bound up with the drain of 
; carbohydrate; reserves by the developing bo;ll$.- As is well known 'carbo- 
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The bolls are found to exert dominating effect on the whole plant 
when their development begins. This effect results in cessation of apical 
growth of the main stem and in the stoppage of nitrogen uptake from the 
soil, presumably through checking of root growth. The nitrogen supply 
to the plant as a whole is interrupted just at the time of the most serious 
drain on the nitrogen reserves of the plant by the developing bolls. It is 
suggested that the cessation of root growth operates through interference 
with the carbohydrate supply to the roots. 

The type of interaction between the factors was such that the increase 
in response to either factor increased with a higher level of the other. 

The practical importance of the results, particularly in connexion 
with the necessity for obtaining favourable early growth of the crop. Is 
stressed. 

The author wishes to record his indebtedness to Dr. F, G. Gregory of 
the Imperial College of Science and Technology who proposed the original 
experiment, and to whom the interpretation of the results obtained is in 
large measure due, and to Dr. E. M. Crowther of Rothamsted Experimental 
Station for help in the statistical work. 
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The Effect of Intercellular Pressure on the Suction 
Pressure of Cells. 

BY 

ELIZABETH C. M. ERNEST. 

{Department of Plant Physiology and Pathology ^ Imperial College of Science and 
Technology^ London.) 

T he modijfied method of measuring suction pressure of the cell is to 
strip off the epidermis with one row of mesophyll cells adhering to 
it, vide (1). Using such mesophyll cells, which show no signs of mechanical 
injury, the concentration of cane sugar is then determined in which they 
show neither an increase nor a decrease in surface area as observed under 
a high-power lens. 

This measures the water-absorbing capacity of the cell at the time of 
observation. When the water deficit in a leaf is reduced to zero, Le. the 
leaf can absorb no more water, the suction pressure of the cell-sfstem 
must be zero. Mesophyll cells of fully turgid leaves have, however, a 
considerable suction pressure when observed in strip preparations, as will 
be shown below. It is therefore suggested here that the positive suction 
pressure value which is exhibited by cells stripped from a leaf whose water 
content has reached a maximum is an indication that the tissues of a 
leaf offer mechanical resistance to the distension of the cell by internal 
hydrostatic pressure. In other words, the suction pressure equation requires 
to be amended by the introduction of an additional value which, with the 
wall pressure, must be subtracted from the osmotic pressure in any indirect 
or theoretical estimation of suction pressure. 

In one paper Ursprung and Blum (2, p. 53 ) suggested that cells might 
be prevented from fully expanding by intercellular pressures. The sum of 
these pressures they represented by A and equated 

where equals suction pressure of the cell, Si the osmotic pressure or 
suction pressure of the cell contents (Saugkraft des Zellinhaltes) ^ and W 
the wall pressure. This factor has been omitted from the basic equation 

^ This expression is confusing and objectionable. 
lAnnalS' of Botany, Vot XXVni. Ho. CXCU. October, T934-] 
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in all of their subsequent papers, and no reference to it has found a place in 
the literature of the ‘ water-relations * of cells of higher plants« It appears 
to have been generally assumed that this factor is of negligible importance, 
and such an assumption is to some extent justified by the extensible nature 
of the walls of cells of many plant tissues, those normally growing immersed 
ill water or in conditions of water scarcity being, apparently, exceptions. 
The presence of intercellular spaces has also undoubtedly caused many to 
assume that the intercellular pressures are of small importance. That the 
cell-wall is not capable of deformation to the extent of entirely obliterating 
these spaces is shown by their maintenance in leaves saturated with water. 

Water is drawn into the cell by the dissolved substances in the sap 
exerting osmotic pressure, the action being diminished by the resistance 
the cell-wall offers to distension. This resistance is partly that of the 
wall itself and partly that of the pressure upon it of neighbouring cells and 
of the vascular tissue. If a cell is removed from the plant the mutual 
pressure of neighbouring cells is reduced to zero ; the wall pressure to be 
subtracted from the osmotic pressure is then solely that due to its stretched 
wall It is possible at present to determine only the maxinmm value of 
the intercellular pressure ; that it has a positive value between the extremes 
of full turgidity of the tissue and the stage at which the tissue wilts is a 
natural deduction. 


Method. 

Leaves have been chosen which allow the epidermis to be stripped in 
such a manner that intact mesophyll cells remain attached to it. As has 
already been demonstrated (1) the use of such tissues provides preparations 
thin enough for convenient microscopic study of intact cells which have not 
been exposed to the osmotic and chemical action of sap exuded from 
neighbouring wounded cells. When the cells of sections are employed 
exposure to such sap vitiates the results obtained. 

An Iris leaf is cut into a-inch lengths and the pieces floated on distilled 
water in Petri dishes kept at constant temperature in the dark. The suction 
pressure of the subepidermal mesophyll cells from one of these lengths of 
leaf is measured at convenient intervals of time. It might be expected that 
the cells would become saturated fairly quickly under these conditions 
where one surface and the cut ends of each leaf are in contact with water, 
and the other surface is exposed to an atmosphere which must have a 
high water content since the water surface is large compared with 
the volume of air within the Petid dish, that volume being z'educed to a 
minimum by filling the dish almost to the top. The suction pressure 
decreases with time under these conditions, but the rate of decrease soon 
falls off and the suction pressure in no case falls to zero, even after three 
days (as is shown in Table I). 
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Table I. 

S7iction Pressure of Mesophyll Cells Torn at Intervals from Portions of 
a Leaf Floating in Water. 


Time. 

Iris asiatica. 

Cane sugar (M). 

0 min. 

0*38 -0-39 

45 „ 

0-36 - 0*37 

3 hours 

0*34 

3 jj 

0*33 

5 » 

0 * 32 - 0*33 

22 ,, 

0*31 

3 days 

0*29 — 0*30 

Time. 

Iris florejitina. 

Cane sugar (M). 

0 min. 

1st leaf. 2nd leaf. 

0*384-5 0*385-6 

15 M 

0*380 

30 „ 

0*375 0*370 

60 „ 

0*375 0*355 

2 hours 

0*360 ~ 

3 jj 

— 0*330 

4 » 

0*340 — 

6 5, 

— 0*330 


0*330 — 


The fall in suction pressure was followed with more finely-graded 
sugar solutions for various species of Iris as is shown in Table II. 

Table II. 

Original Stiction Pressure (A) atid After Absorption of Water During 

f hrs. {B), 

Cane sugar (M). 



A. 

B. 

L pallida .... 

0-38 

0*30-1 

/. jacquesiana . . . 

0-36-7 

0*28 

/. germanica . . , 

0-42 

0*30-1 

/. Jlore 7 itina , . . 

0-38 

0*30 

/, variegata . . . 

0-38-9 

0-30 

/. neglecta , . . . . 

/. olbiensis 

0*40 — I 
0*41 

0*30-1 

0*30 

L asiatica 

, 0*38-9 

o* 32*-3 


Similar tests were carried out on leaves from certain dicotyledonous 
plants, the leaves being allowed to float on water for five hours to attain 
an approximate equilibrium* The results are given in Table III. 

The suction pressure of mesophyll cells taken from highly turgid 
leaves which have ceased, or almost ceased, to absorb water is remarkably 
high, and would appear to be a measure of the pressure exerted on a cell 
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by the sorrounding’ cells within the turgid leaf. This pressure conceivably 
decreases as turgor decreases, but for want of a suitable method its value at 
other degrees of turgor of the leaf has not yet been measured. It seems 


Table III. 


Suction Pressure of Mesophyll Cells ^ (A) Before^ and (B) After Absorbing 

Water for y Hours. 


Cane sugar (M). 
A. B. 


I satis tinctoria 

5, Boisserianuui . . . . 
Valeriana Phu ...... 

Sidalcea malvaeflora . . . . 


0'30~0‘3i 

0*31-0-32 

0-34-0*36 

0-34-0*36 


0*24 

0^24-0*25 
0*22 -0*24 
0*22 “0*24 


probable, however, that until this intercellular pressure falls to zero it 
considerably reduces the suction pressure. The suction pressure equation 
should therefore be written, as vi^as first adopted and then given up by 
Ursprimg and Blum, in the form 

Sp = Op--~(Wp + A) 

where Sp equals the effective suction pressure of the cell within the plant, 
Op the osmotic pressure of the cell sap, Wp the pressure of the extended 
cell-wall, and A represents the intercellular pressure. It now appears that 
this factor, A^ represents a pressure of considerable size. 


Summary. 

Mesophyll cells removed from a portion of a leaf which has been floating 
for some hours in water, and which therefore would be expected to be fully 
turgid, show a considerable suction pressure which may be as high as eight 
atmospheres. This suction pressure is due to the fact that the expansion 
of individual cells is resisted by an intercellular pressure, i.e. the mutual 
pressure of surrounding cells. 

The suction pressure equation should therefore take the form of 
S = Op-iWp + Aji where 5' is the suction pressure, Op the osmotic 
pressure, Wp the wall pressure of the cell, and A the sum of the intercellular 
pressures. 
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1. Introduction. 

W INTER varieties of cereals may be regarded as annuals, since^ 
sown at the normal time, they complete their life-history within 
twelve months. When sown in spring, however, they behave as biennials, 
making great vegetative growth in the first season, but flowering only after 
the winter. This suggests that, in these varieties, something in the winter 
conditions is necessary for the inception of reproduction, whereas closely 
related * spring ^ forms differ from them in the ability to ear within a few 
weeks of spring sowing, and in their lack of hardiness to winter conditiqns* 

f Aimals of Botany,'' Vol. XLVIIl. No. CXCII October, 1934*1 ' 
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These differences seem to be inherent; and Linnaeus classified summer and 
winter wheats as distinct species, but Darwin (5) considered that the 
experiments of Monnier showed that they should not be so distinguished. 
Gassiier (8) has stated that summer and winter rye were bred originally 
from the same population® 

Whatever may be the relationship between the two classes of cereals, 
it is certain that winter forms are dependent for the completion of their life 
cycle on the influence of some of the factors associated with autumn sowing, 
whereas corresponding summer forms are independent of these. Such 
factors would appear to be as follows — (a) a prolonged rest period, {b) a 
long period of vegetative growth, {c) low temperature during the early 
stages, and {d) short days during earlier stages followed by increasing day- 
length. 

Maximov (15) has pointed out that neither (^) nor (/;) can be the 
determining factor. He quotes the work of Grebennichev, who sowed a 
winter variety so late in the autumn that actual germination did not occur 
until the spring — in this case the time taken to flower was short, and there 
was no long vegetative period. There is no record of the actual date of 
germination, but presumably it would occur with the first warming of the 
soil, while days were still short and temperature liable to fall again to 
freezing-point, Maximov also considers that his own work in conjunction 
with Pojarkova (17) shows that a long rest period is not the essential 
requirement for flowering. They grew winter varieties in a greenhouse in 
the winter, when vegetative growth continued throughout, until returning 
long days brought flowering. The initiation of the reproductive phase of 
winter cereals is presumably the result of the plant’s response to either low 
temperatures during early stages or to photoperiodic variations. 

It is an established fact that a low temperature, especially when applied 
during early stages does promote flowering in many plants. Maximov 
states that this effect was first used by a Petersburg gardener named 
Gratschev, who, finding climatic conditions unsuitable to the flowering of 
artichokes, was able to induce flower formation by cooling the plants. 
Miller (18) was able to keep cabbages for two and a half years in a con- 
tinuous vegetative condition by growing them in a warm greenhouse, 
whereas transfer to a cool house immediately induced shooting, Gutzeit (9) 
and Thompson (23) found that germination at a temperature of about 4 ° C. 
induced shooting in beet and celery respectively. Thompson records that 
actual freezing prevents ultimate flowering ; Maximov and Pojarkova have 
also noted its harmful effect. Appel and Gassner (1) had observed that in 
the case of certain cereals a high germination temperature gave unhealthy 
plants with excessive leaf production which were unable to produce seed. 
To this they attribute the failure of cereals from temperate regions to 
^'grqw in the tropics. Following this, work, Gassner in 1918 , investigated 
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thoroughly the effect of germination temperature on both summer and 
winter varieties of cereals (8). He used temperatures from C C. to 26^ C. 
for germination and sowed In the spring. With his winter varieties he 
found (i) The lower the germination temperature, the shorter the time 
required to flower; (a) The earlier in development the exposure to low 
temperature the greater the effect. 

With closely related summer varieties he obtained no effect, except in 
a few cases where a slight acceleration of flowering followed germination io 
the cold. Kidd and West (11) list this effect with other cases of what they 
term ' physiological pre-determination’ in which the treatment or condition 
of the seed influences indirectly the future development of the plant. 

Gassner (8) argued from his results that winter varieties differ from 
their related summer varieties in having a definite ‘cold requirement’ 
(Kaltebediirfniss) which must be satisfied before flowering can take place. 
He considered that this was correlated with the cold-resistant properties of 
such varieties. 

Maximov and Pojarkova (17) found that the date of sowing profoundly 
affected the potency of this ‘ temperature after-effect Later Pojarkova (19) 
working alone, found (i) that with early sowing, December to March, 
ear formation eventuates in the greenhouse without being in any way 
influenced by the germination temperature, (2) that cold germination begins 
to be effective only when sowing is so late that fruiting begins to be sup- 
pressed, (3) that with very late sowing (after June) cold germination 
loses its effectiveness. 

The phenomenon to which Garner and Allard (7) have given the 
name photoperiodism, the response to the relative length of day and night 
is considered by Maximov to be of equal or greater importance in determin- 
ing the behaviour of winter cereals. Garner and Allard (6) have found that 
plants may be divided into two categories (with certain exceptions) accord- 
ing to their reaction to the length of day. 

The winter cereals under consideration are all Hong-day’ plants — 
flowering in a day-length which obtains in the temperate summer, and 
growing vegetatively when the day is less than twelve hours’ long, Maxi- 
mov holds that the most important point is to sow at such a date that a 
long day prevails at the time of ‘shooting’, but cold germination also 
speeds up flowering provided that the days are long at this time. He 
disagrees with Gassner’s concept of a ‘ cold requirement ’ in the plant^ and 
postulates an antagonism between tendencies to vegetative and reproductive 
growth. For winter varieties he suggests that the tendency to vegetative 
growth so far predominates that an outer stimulus is required to initiate 
reproduction, and this stimulus is in some way provided by cold germina- 
tion. The cold after-effect also includes a diminution in the production of 
vegetative''organs, including' leaves and roots. These differences are.' held 



922 Ptirvis, — An Analysis of the Influence of 

to be indirect rather than direct consequences of germination temperature. 
The direct effect is a more rapid onset of the reproductive phase, resulting 
in a different distribution of reserve food materials^ 

Rasumov (21) has revealed a photoperiodic after-effect similar to the 
temperature after-effect, when a particular day-length is applied only at 
the beginning of growth. 

It is obvious from the existence of these ‘ after-effects ' both of tem- 
perature and day-length that we are dealing with an agency whose effect 
remains for some time after the application has ceased. Maximov points 
out that at the time of action of the stimulus no flower initials are present 
and therefore no direct effect is possible: a self-propagating chemical 
agency must therefore be postulated. At the same time it must not be 
forgotten that there is a direct lineal connexion between the flower initials 
and the cells subjected to the stimulus. And again, if flower initials were 
present at the moment of stimulation, the stimulus could not be held 
responsible for their initiation. It seems that here lies the weakness of 
much of the very informative work that has already been carried out — 
workers have regarded ‘ flowering * as connoting an external manifestation 
of the existence of flowers, such as ‘shooting’ and ear emergence, and 
insufficient attention has been paid to the earlier stage of differentiation of 
flower primordia. 

Klebs (12) working on Sempervivum notes three stages in flower 
production, (i) The production of a condition of ripeness to flower, (2) the 
formation of primordia, and (3) the development of floral structures and 
their expansion. This concept of flower production is obviously applicable 
to all plants. Most workers on problems relating to flowering have con- 
fined their observations to the third phase, but it is clear that the two first 
are of paramount importance in elucidating the relationship between 
external conditions and flowering. 

The questions involved in the problem of flowering in winter cereals 
may be posited in the following terms: (i) What is the morphological 
condition of plants which fail to flower in consequence of spring planting ? 
(2) Does failure to flower connote a failure of flower differentiation or are 
flower initials formed which do not continue their growth ? (3) Do all 

factors which tend to inhibit flowering operate in the same way? The 
present investigation has been carried out with the object of elucidating 
these questions, and to find how far failure to flower may be correlated 
with the vegetative condition of the plant, including under this terra its 
chemical composition. In view of these considerations efforts have been 
made to modify as much as possible the vegetative conditions of the plant, 
thereby among other effects altering the ratio of carbohydrate to nitrogen 
which has been regarded as a determining factor in flower production. 
This has been achieved in the^ following ways : (1) by nitrogen starvation 
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(known to increase carbohydrate content and reduce vegetative growth), 

( 2 ) by potash starvation (known to increase nitrogen content, in some cases 
to reduce carbohydrate, and to leave meristematic activity unaffected, 

(3) by artificially shortening the daily exposure to light. 

Plants have been grown under the conditions stated after germination 
at a high (i8®C.) and at a low (i°C.) temperature, and kept under close 
observation during the whole of their growing period. 


IL Morphology of the Cereal Plant. 

Before setting out the results obtained, a brief reference will be made 
to the morphology of the plants under consideration. The mature, normally- 
grown, cereal plant consists of a main axis bearing alternate leaves on an 
elongated stem which is terminated by an inflorescence, and a number of 
basal branches, or tillers of similar sti'ucture. These tillers arise in the 
axils of the lowest leaves of the main axis or as branches of other tillers. 
The elongated stem carrying the ear consists of the youngest five or six 
internodes — below this the nodes are crowded together, and numerous 
adventitious roots arise. At an earlier stage before the younger internodes 
were produced, the plant has passed through a ‘rosette’ stage, which is 
purely vegetative, and it is not until conditions necessary to flowering 
obtain that extension growth begins. When these conditions fail, as in the 
case of spring-sown winter cereals this rosette stage is maintained indefi- 
nitely and more and more tillers are produced, until the plant resembles a 
tussock. 

Young plants of barley and rye (from four weeks old) were carefully 
examined before they reached the stage of stem elongation, the main axis 
being dissected to expose the apical meristem. Text-fig. i a shows the 
apex of a barley plant (four weeks old) from which all expanded leaves 
have been removed. At the base are five lateral growing points which 
appear to be those of leaves, since a slight degree of foliar expansion is 
evident, and beyond these a spike 4 ike growing point. Later this bears 
two rows of alternating ridges, each ridge embracing rather more than 
half the circumference. These appear to be different structures from the 
leaf initials below them, and when seen in profile, as in Text-fig. i each 
was divided into two parts, suggesting a leaf and its axillary bud. In 
Text-fig. I c the same spike is seen, with the surfaces of the ridges exposed. 
Later (Text-fig. I'd-k) the ridges increase in size and in number, and the 
double appearance is lost — -apparently the axillary structure has grown at 
the expense of the subtending bract. The undifferentiated portion at thb 
tip remains about the same length, i.e, mm. — in other words, it extends 

at The tip,, as rapidly as it produces new ridges.' 
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The stages by which the lateral ridges become differentiated as groups 
of flower-bearing spikelets has been described by Schuster (22). Observa- 
tions on later stages are also shown in the diagrams (Text-fig. i). 

The early stages of ear development in winter rye are similar to those 
described for barley ; dissection of plants between four and six weeks old 



Text-fig. i a-o. Plumage Archer barley. a~j. Early stages in differentiation of the 
spike, k and / adaxial and abaxial views of a spikelet group, showing stamens and gynaecium of a 
central flower, and one lateral sterile flower, w, and 0 stages in growth of gynaecium. 


reveals a long thin meristem with two ranks of lateral ridges, which are 
more numerous than in barley, but show the same double structure (Text- 
fig. 2). 

On the axis shown in Text-fig. %a there are eleven definitely Icaf-like 
structures, and the nature of the ridges that follow cannot be determined 
by observation only. It is known, however, that plants similarly treated 
had an average of thirteen green leaves on the main axis below the ear, 
and if this plant had continued to grow, and had had thirteen leaves, then 
two of the indefinite ridges would have been leaves, and four, in addition 
to any subsequently formed, would have produced spikelets. On the other 
hand, Text-Fig. %b shows a growing point, at about the same apparent 
stage, from a plant treated in such a way (warm germination) that about 
twenty-two leaves may be expected to occur on the axis before earing. 
As ten leaves have been removed, initials of twelve more are required, and 
for these ten initials have been laid down at the time of examination, 
(rememberiqg the row of alternating ridges on the hidden side of the spike). 
Titus of two apices of similar appearance, one has a number of ridges 
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destined to produce flowers, while the other has not yet laid down enough 
to provide for the necessary number of leaves. In this investigation the 
length of this long apex and the number of ridges it bears have been used 
to characterize the different stages of development. Measurement has been 
made from the last removable leaf to 
the tip of the apex, and is termed 
spike-length ^ tliroughoiit this paper. 

As in barley, the first visible sign of 
flower development is the swelling of 
certain ridges. This occurs as a rule 
very near the tip, and frequently there 
is a brief stage in which new leaves 
are being expanded at the base while 
upper ridges are beginning to produce 
floral structures. 

III. Experiment of 1931. 

A preliminary experiment was 
carried out in 1931 with the object of 
determining the best method of ex- 
perimentation for 1932. The scheme, 
therefore, was made comprehensive in 
scope at the expense of reducing the ^ 
number of replicates in each series. 

Winter and summer varieties of stages in differentiation of the spike, 
barley, oats, and rye ^ were grown in 

water-cultures in an unheated greenhouse, and also in soil contained in 
8-inch earthenware pots which were kept out of doors standing on gravel. 
The plants had been germinated at different temperatures (Table I) and 
planted out when the coleoptiles were about i cm. long. The date of 
planting was regarded as the initial date of each experiment, and sowing 
was timed so that all plants reached approximately the same size on the 
day of planting. A series of experiments, with successive planting dates 
throughout the summer, varied the day-length obtaining during the period 
of growth, but no variation in manuring was employed. 

In this preliminary work a small number of replicates was used so 
that the scope should not be limited. Observations of tillering and spike- 
development were made on samples taken at intervals through the 
summer. The results obtained were confirmed by experiments in two 

^ Winter Barley, Hordmm hsscasiichum F. 112. Summer Barley, Hotdeum vulgar 
Given by Dr. E. S. Beaven, Warminster. Winter Oats, Avena saitva^ * Grey Winter’, Summer Oats 
‘Abundance’ supplied, by N.I.A.B.,;Cambridge. ^ Winter Rye, Sicak * Petkus ■ Wititer’. 

Summer Rye,' Petkus Summer supplied by Messrs.' Haage and Schmidt, Erfurt. ' 
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subsequent years^ and will therefore be presented in a summarized form 
onlyd 

(i) In no summer variety was any temperature after-effect manifested, 
but short days had a marked effect in preventing flowering. 

Table L 


Scheme for ig^i Experiment. 


Planting 

date. 

Average day- 
iengtb during 
first 8 weeks 

Range of temperatures used for 
germination. 


in hours. 

Oats. 

Barley. 

Rye. 

May iith 

16*15 


1°, 5 °, 12’, 
i8“, 25° 

— 

May i8th 

16*27 

— 

— 

1 % 5 % 12% 
i8%25° 

June 22nd 

15-85 

— 

1°, iS° 

1% IS'’ 

July 27tli 

14.03 

1°, 18° 

1°, 12°, 18°, 

35° 

1% 12% l8°. 
25° 

Nov. 4th 

8*40 

1% 5% 12% 
i8“, 25“ 

1°, 18° 

1% 5% 12% 
iS% 2 s'’ 


(а) The variety of ‘ winter’ barley used was capable of early flowering 
after spring planting, and in this respect should be denominated a ' spring ’ 
variety. For this reason no temperature after-effect was manifested. 

(3) Grey ^ winter ’ oats was also capable of flowering after spring 
planting, but germination at C. lead to ear exsertion two weeks earlier 
than did germination at 18^ C 

(4) Spring-planted Petkus winter rye, which failed to flower after 
germination at 18°, and 12^4°, flowered in thirteen weeks after germina- 
tion at and in about fifteen weeks after germination at f C. 

(5) This effect was not obtained in the short days of August and 
September ; flowering now failed after germination at any temperature. 

(б) Sowing in early winter gave rise to plants which through the 
period of very short days grew slowly without tillering and with no 
differentiation of flower initials. In February (ten-hour day) tillering 
began, and flower differentiation appeared late in March, giving rise to 
ears which on May 16 were on the point of exsertion. Summer varieties 
so planted developed in the same way. Thus the minimum day-length 
allowing differentiation is about ten hours. 

Observations were also made on the rate of stem growth, which were 
not repeated in subsequent years, and are therefore given in full 

^ Full details of these experiments, and other points which are excluded from this paper on 
account of limited space may be seen in the Library of London University (Thesis for Ph. D. degree, 
* An Analysis of the Influence of Temperature during Germination on the Subsequent Development 
of Certain Winter, Cereals, and' its Relation to the Effect of Length of Day^' by O. N. Purvis. 

'April, 1934).' . . 
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Groivth of stems. Evidently stem growth is in some way correlated 
with flowering. In cases in which flowering failed, no elongation of inter- 
nodes took place at all, and in the plants grown throughout the winter, 



Text-fig. 3, 1931 experiment. Winter and summer rye. Effect of planting date on progress 

of stem length. 


elongation did not begin until after the inception of flowering in March, 
and the internodes involved were those between leaves which were then 
green. 

In summer rye germination temperature was without effect on either 
flowering or stem elongation, and Text-fig, 3 shows the progress of stem 
length after different sowing dates : in each case the figure given is the 
mean for all germination temperatures. Sowing date is seen to have a 
considerable effect on stem length, indicating its dependence on seasonal 
climatic variations. 

It can be seen that stem elongation is most rapid in June-sown plants, 
and that in the July sowing it is considerably reduced. Clearly this is 
not entirely a photdperiodic phenomenon, since day-length is slightly 
shortened for the whole period of the June sowing, and more so for the 
period during which stem elongation is proceeding. On the other hand, 
during the first few days of growth, the June sand planting was subjected 
to the maximum ^day-length (16^ hours). 

The increased stem growth rate of the June planting may then be 
attributed to {a) the after-effect of very long days during the first week, or 
{b) the higher temperature during the whole period of growth. It is quite 
obvious that as; stem elongation is a growth phenomenon 'its' ^ rate must 
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increase with rising temperature. On the other hand, there is evidence 
that it is is also controlled by length of day, since {d) the rate of elongation 
is depressed by planting in July, and {b) in plants grown during the two 
succeeding years in artiScially shortened days the stems failed to elongate. 
Probably both long days and high temperatures are requisite for elongation. 
Stem elongation cannot take place under conditions unfavourable to 
flowering, e.g. in the winter variety it only occurs in plants which have 
been germinated at low temperatures, and grown in long days. 

Table II gives stem lengths of winter rye after 1° germination. 

Table IL 

Winter Rye in Pots. Length of Stem. 

Planted May 17th. Planted June 22nd. Planted July 27th. 


Age^ 

Length 

Age 

Length 

Age 

Length 

(days). 

(cm.). 

(days). 

(cm.). 

(days). 

(cm.). 

28 

0*0 

22 

0*0 

28 

0*0 

49 


37 

0*0 

7 S 

0*0 

91 

69*0 

50 

I-O 

90 

0-0 

105 

63*0 

107 

317 




dowered 


flowered 


failed to flower 


Experiments of 1932 and 1933. 

Experimental Procedure. 

Cultivation. The 1931 experiment indicated a close inter-relationship 
between the temperature after-effect and photoperiodism. It was decided 
in 193a to repeat the experiment, using a larger number of replicates and 
with modifications in the methods of cultivation and of daydength control 
(i) The water-culture method had not given satisfactory vegetative 
growth in 1931, and it was desirable to introduce manorial variations, thus 
excluding the possibility of growing in soil. For these reasons, in 193a the 
plants were grown in la-inch unglazed earthenware pots filled with Bed- 
fordshire silver-sand, three plants being grown in each pot. A series of 
solutions of nutrient salts was made up so that the required quantity could 
be added weekly to the pots by giving them a mixture of equal volumes 
of each solution. In this way both ‘ complete ' and ‘ deficient ^ solutions 
could be made up very speedily. 

The solution was added through a small pot embedded in the sand, 
and immediately afterwards each pot received I c.c. saturated ferric chloride 
solution, containing 1 per cent. MnS04. The nutrients were added weekly 
during the first eight weeks, and no further additions were made. In all, 
the fully manured series received the following weights of solid salts (gm. 
per pot) : , ' 

Di-sodium hydrogen phosphate ^*385 gm. 

Calcium chloride '0*415 „ 
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Magnesium sulphate 
Sodium nitrate 
Potassium sulphate 
Ferric chloride 
Manganese sulphate 
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1*405 gm« 

10*348 „ 

2-087 „ 

5-8oo „ 

0-0058 „ 


In :i932 nitrogen and potash deficiency was provided by reducing 
sodium nitrate to i/io in one series, and by entirely omitting potassium 
sulphate from another. No compensation was made for the diminution of 
sulphate or sodium, and tap- water was used for the solutions and for 
watering^ It was thought that complete omission of potash would allow 
such potash as might occur in the pots and sand to provide the small 
dosage, but apparently the amount present entirely satisfied the require- 
ments of the plants, for there was no sign of starvation and their behaviour 
was exactly like that of fully manured plants. The potash-deficient series 
of 1932 are therefore omitted from this account, and the procedure was 
amended in 1933. 

All the series subjected to manurial deficiencies in 1933 were grown in 
glazed pots, 18 in. high and 6-| in. internal diameter, provided with drainage 
holes near the base. The old porous earthenware pots were used for fully 
manured series, but a few plants were grown for comparison in glazed pots 
with complete nutrients. These grew rather less satisfactorily than those 
in the old pots, but sufficiently well to show the effects of manurial 
deficiencies. So that plants could be grown in long and short days under 
approximately equivalent climatic conditions, an artificial method of 
shortening the day was adopted. There was evidence in 1931 that a day- 
length of about 10 hours was critical in the growth of rye, and therefore 
in 193a and 1933 plants under short-day treatment were exposed to 
daylight only between the hours of 7 a.m, and 5 p.m. (G. M- T.) 

For this purpose a double- walled shed was constructed which was 
light proof, and also heat insulated by a layer of air between the walls. 
Ventilation was ensured by holes in the floor and a light-proof ventilator 
inserted in the ply-wood ceiling. The pots under short-day treatment 
were kept on trucks which were run in or out of the shed on wooden rails 
covered with iron strips. At planting-out great care was taken that the 
seedlings destined for short-day treatment never experienced a ‘ long ’ day. 

To obtain a much higher standard of precision than in 1931, nine 
replicates were provided in each series for each examination ; towards the 
end of the experiment, when differences were substantial, only six replicates 
were used: To keep the increased number of series and replicates within 
the limits of a workable experiment only winter rye was grown, since this 


1 The pH of the solution as added to, the pots was further trials have shown that a more 
acid solution (6-7) gives better growth of winter rye. 
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alone of those plants already studied was an obligatory winter variety^ and 
its young spike was easy to handle and to measure. The scope was 
further limited by using only two temperatures for germination^ namely^ 
1 ° C. and i8° C. The seed was graded by inspection and germinated in 
moist sand ; the sowing was planned for planting-out during the first week 
in May. The treatments used are set out in Table III. 


Nutrition. 
Fully manured 

3,? J3 

3 5 3 3 

3J 33 

i/io normal 
nitrogen 

3J 


Table III. 


Scope of ig}2 ExperimenL 


Temperature 

at 

germination. 

1° 

i8° 

1 8° 


Length 
of day. 

Long (i6 hrs.) 
Short (lo hrs.) 

3’ 33 

Long (i6 hrs.) 

31 33 


Abbreviations 
used in subse- 
quent tables. 

FMLD 1° 
FMLD iS° 
FMSD 1° 
FMSD 


N/io LD 1° 
N/lo LD 18*=^ 


^933 Baore information was required about the early stages of 
plants which were expected to flower, and in these, examinations were 
made weekly after the second week from planting. 

Table IV gives the scope of the work in 1933. It can be seen that 
a high degree of potash deficiency was used, viz. (i/ico the amount given 
to fully manured plants). 


Table IV. 

Scope cf zgjj Experiment. 


Nutrition. 
Fully manured 

33 33 

I /loo normal 
potash 

i/io normal 
potash 

i/ioo normal 
nitrogen 


Temperature 

at 

germination. 
I'^aiid 18" 

.1® and 18® 

'i°and 18° 

n°'and 18'^ ^ 
' 1°^ and 

18°^ 

1 1°^ and 18®^ 


Length 
of day. 

Long (16 hrs.) 
Short (10 hrs.) 
Long (16 hrs.) 
Short (10 hrs.) 
Long (16 hrs.) 
Short (10 hrs.) 
Long (16 hrs.) 


Abbreviations 
used in subse- 
quent tables. 

5 FMLD I® 
IFMLD 18® 
JFMSD I® 
(FMSD 18® 

5 K/ioo LD I® 
(K/ioo LD 18® 
i K/ioo SD I® 

! K/IOO SD 18® 
)K/ioLD I® 

( K/io LD 18® 
i K/io SD X® 
IK/ioSD 18® 

J N/ioo LD I® 

{ N/ioo LD 18® 
i N/ioo SD I® 
IN/iooSD 18® 


Short (10 hrs.) 

^ ProTision made for one sample only. 
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Sampling, In 1 932 the first sample was taken four weeks after planting, 
repeated at three fortnightly intervals, and then twice at intervals of three 
weeks, making six samples in all Alternating with the early samples, tiller 
counts were made on a large number of plants. In addition, plants kept in 
reserve were examined later in the season. 

In the sampled plants a complete examination was carried out, and 
the tillers were counted. Dissection revealed the number of leaves already 
definitely foliar, and the length and degree of development of the spike. 
Where elongation had begun, the stem-length was recorded. 

As many investigators have sought an explanation of the mechanism 
of these flower-promoting stimuli in the varying carbohydrate and nitrogen 
contents of the plants, and more especially in the relation between these 
two, it was decided to carry out simple estimations of these quantities. 
For this purpose one leaf from each plant was used at each sampling date, 
namely, the youngest fully expanded leaf on the main axis. Such leaves, 
which will be referred to as the ^ dominant leaves ’ were cut from the plants 
and prepared for estimations of nitrogen and sugars on the day preceding 
each anatomical examination. From four of the plants these leaves were 
dried for nitrogen estimation. They were cut off at the junction of lamina 
and sheath, quickly carried into the laboratory in a moist vessel, and 
weighed. The leaves were then dried at 45^-50° C. for an hour, reweighed 
and stored in tubes sealed with waxed corks. The five leaves for sugar 
estimation were cut in every case between 3-30 and 3*30 p.m,, in order that 
conditions for assimilation should as far as possible be similar for each 
sample. Fortunately it was possible to cut each sample in either inter- 
mittent or continuous sunshine. The leaves were severed and weighed as 
those for nitrogen estimations, and immediately cut up into a specimen 
tube (4 in. x i in.), and boiling 95 per cent, alcohol poured over them. 
This was boiled for a short time and the tube sealed with a waxed cork. 
Areas were not measured, as rapid killing is essential for the accuracy of 
sugar analysis. In no case did more than three minutes elapse between 
cutting and killing. 


Experimental Results. 

General progress of the plants. 

Text-figs. 4 and 5, which give tiller counts, show that the extent of 
vegetative growth was widely different in the two years — -in 1932 tillering 
in all comparable series was more than double that in 1933* The poor 
growth in 1933 was largely due to the abnormally high temperature pre- 
vailing, which heated the sand, and in spite of heavy watering produced 
a wilted condition of the leaves.', Another cause was the poor',qualitjr';of 
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the seed, which was sprouted and of low germinative power ; presumably 
the still viable seed had also been impaired. 



Text-fig. 4. 1932 experiment. Winter rj'e. Progress of tillering under different conditions 
of teiiiperature during germination, of day-length and of nutrition. In this figure and in those 
which follow, repiresents the point at which the dissected spikes showed first indication that 
differentiation was beginning (i.e. by swelling of ridges) and ^ F’’ represents point at which stamen 
initials could be seen. 



Text-fig, 5. 1933 experiment. Winter lye. Progress of tillering under different conditions 

of temperature during germination, of day-length, and of nutrition. 


Despite these strongly marked differences in the vegetative growth, 
tlie onset of different stages in the life-history was similar in the two years. 
This fact gives support to Maximov’s (15) view that the control of flowering 
is not caused by differential vegetative vigour. 

Table V gives the number of weeks required to reach various stages 
in the progress towards flow’ering. 

The effect of germination at 1 ^ C. is very well marked, and also the 
complete absence of any effect on flowering of nitrogen deficiency. N itrogen 
starvation was clearly manifested in a yellowish-green colour and much 
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reduced tillering ; nevertheless flowering was delayed in the ' cold germi- 
nated ’ series by two days only. 

Table V. 

i()}2 Experiment. Progress of Plants. 


Number of weeks from planting. 



FMLD 

FMLD 

N/ioLD 

N/ioLD 

FMSD 

FMSD 


1° 



18° 


18® 

Tillering began 

2 

2 

2 

2 

2 

2 

Shooting ’ began 

6 

t6 

<7 

16 

17 

16 

Last leaf out 

8 

17 

8 

17 

23 

23 

Anthesis 

9 

20 

<10 

20 

failed 

failed 

Ripe grain 

16 

failed 

16 

failed 

3) 



In the two series grown in long days after germination at 18°, the ears 
reached the stage of anthesis in October. In short days the absence of 
a temperature after-effect may be noted. Ear emergence, and consequently 
anthesis, did not occur ; although there was evidence of shooting after 
sixteen weeks the stems failed to elongate. A curious feature of the 
plants grown in short days is the heavy accumulation of waxy bloom on 
younger leaves of the ‘ shooting ’ tillers. This occurs to a smaller extent 
on all rye leaves during the elongation of the stem. Eventually the ears 
died within the leaf-sheaths. l‘he death of fully formed ears without 
emergence was also seen in late sown plants in 1931, and is a characteristic 
effect of short- day treatment on both summer and winter rye. There is 
some evidence that it is associated with structural changes in the stem, 
including phloem necrosis. 

In 1933 progress was so similar to that in 1932 that no description is 
needed. Potash starvation, like nitrogen starvation, had no effect on the 
date of flowering. The chief difference lay in the behaviour of the ‘non- 
flowering ’ series. In 1933 signs of shooting did not become apparent until 
November 7th. 

Tillering. 

Tiller counts were made at weekly intervals in 193^2^, and at each 
sampling in 1933. The results are shown in Text- figs. 4 and 5 and in 
Table VI tiller counts are given of those sets which were examined once 
only after eight weeks. 

Table VI. 

Tiller Numbers after Eight Weeks' Growth. 

K/iooSD K/ioLD K/10 SD N/lco LD N/ioo SD 

77 iO‘ 4 , 4*3 8*3 7^4 '147 ', 0*9 1-9" ^ 
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Although the difference in actual numbers in the two years is con- 
siderable^ the relation of these numbers to treatment is similar. In the hot 
summer of 1933 Inhere were more tillers in all comparable series after two 
weeks’ growth than in 193^, but the rate of increase was far lower, so that 
the maximum number was less than half that in the cooler yean 

(i) Temperature after-efect. In 1932, in both the long day series, cold 
germination reduced tillering rate : but as with flower production, this effect 
disappeared under short-day treatment. In 1933 the temperature after- 
effect was less marked. In fully manured plants in either day-length, 
temperature at germination was without effect on the rate of tiller pro- 
duction, although in long days flowering terminated tiller production. 
With manurial deficiencies a reduced rate of tillering was associated with 
cold germination. 

(a) Photoperiodic effect Short days increased tillering rate, especially 
in the early stages. In 193a, the tiller number in later stages equalled that 
of plants germinated at 18°, and grown in long days, but in 1933 early 
increase was maintained. This effect is shown with both nitrogen and 
potash deficiency. 

(3) Effect of manurial deficiency. In all cases, and in both years, nitro- 
gen deficiency reduced tillering. A small degree of potash deficiency (K/^o) 
has slightly increased tillering in both day-lengths after germination at 
18^, but reduced it after cold germination. A greater degree of deficiency 
(K/ioo) reduces tillering. 

(4) Relation of tillering to floivering. The tiller numbers can be grouped 
according to the flowering behaviour of the plants. Taking results of both 
experiments into consideration, it is found that at seven weeks from 
planting, in the six series in which the plants flowered early, the numbers 
of tillers per plant ranged from ^^8*4 to 0,9. In the sixteen series in which 
flowering was delayed, or failed entirely, the tiller numbers ranged from 

145-3 to 1*9. Further, where flowering is delayed, the tiller number is on 
I the average higher than when flowering occurs, but it is equally clear that 
‘tillering activity has not itself checked the tendency to flower, since 
flowering has occurred with so high a tiller number as 284, and failed 
when tillers numbered only 1-9. The relatively high tiller numbers re- 
sulting from germination at the higher temperature, and from short-day 
treatment, show no causal relationship with failure or delay in flowering, but 
may be regarded^ as an expression of one of the consequences of that failure. 

Dry zrnigkt. 

In 1933 the whole aerial portions of the plants used were dried and 
weighed. The logarithms of these weights are shown in Text-fig. 6 , 

(i) Temperature after-effect. Clearly, in long days low temperature 
germination is followed by a greater rate, of dry-weight increase; this 
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cannot j however j be regarded as the determining factor in flowering since 
at seven weeks from germination the dry weight was even higher in the 
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Text-fig. 6. 1933 experiment. Winter rye. Logarithms of dry weight of whole aerial 

portion of plant. 


two ‘ short-day ’ series which did not flower. The greater increase in dry 
weight under short-day conditions is noteworthy. 

(2) Phoioperiodic effect. The very considerable accumulation of dry 
matter in plants grown in short days continues for seven weeks, after which 
the rate of increase falls off. This is associated with high levels in both 
nitrogen and soluble carbohydrates. 

Behaviour ofi^pex of main axis, 

(NAtigation of floral development has been limited to the main 
axis ; that in tillers which produce an ear, is similar. The measurements 
made on the main axis were as follows : 

(i) Number of leaves already produced at the time of examination. 
This includes all dead basal leaves, and all young leaves, and excludes 
ridges whose nature cannot be determined by observation. (2) The length 
of the spike. (3) The number of ridges. Both (2) and (3) are measured 
from the last leaf counted under (i), so that (i) plus (3) is the number of 
lateral appendages the growing point has produced. If from this number 
is subtracted the final number of leaves found in the series, the remainder 
gives the number of ridges which will produce flowers. Unfortunately in 
the series which do not flower, this final number cannot be determined. 

(i) Number of leaves produced on main axis. The observed numbers 
are shown in Tables VII and VIII. 

In studying leaf production two aspects must be considered (i) rate 
of differentiation and (2) final level attained before flower differentiation 
terminates leaf formation. k'"/ ." 

■ 3Q '■ ' 
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The rate of- differentiation is negligibly influenced by germination 
temperature, short days or manuriai deficiency, The final level attained 
is singularly constant In relation to the flowering habit of the plants* The 
series failing to flower produced from twenty to twenty-two leaves, those 
which flowered, ten to thirteen, irrespective of the particular treatment 
given* It seems as if flowering cannot take place in winter rye germinated 
at 1° C. until ten to thirteen leaves have been formed, and this is not modi- 
fied by manuriai starvation. If flowering is inhibited a further number of 
leaves is formed. 

Table VI L 

Number of Leaves 07i Mam Axis^ ig^2. 

(The no, in brackets is the number of replicates included where this differs from nine.) 


Age in 

FMLD 

FMLD 

N/io LD 

N/io LD 

FMSD 

FMSD 

weeks. 

1=*. 

i8^ 

' 1°. 

18°. 

1°. 

18^". 

4 

11*00 

11*23 

10*67 

11*33 

12*33 

12-00 

6 

13*44 

13*87 

• 12*25 

12*12 

I 4 *ii 

I3*S9 

8 

13*33 

15*33 

12*33 

14*33 

16*78 

i6*22 

10 

13*33 

18*25 

12*44 

i7*co 

i8*ii 

i8*22 

13 

ears emerged 

20-83 (6) 

ears emerged 

20*00 (s) 

19*00 (6) 

19-67 (6) 

i6 

— 

21*00 (7) 

— 

20-59 (7) 

20*67 (6) 

21*35 (8) 


Table VIIL 


Number of Leaves on Mam Axes, igjj. 


Age in 

FMLD 

FMLD 

K/ioo LD 

K/ioo LD 

FMSD 

FMSD 

weeks. 

1 °. 

iS^ 


iS°. 

1°. 


2 

9*2 

9*1 

8*7 

8-s 


9*9 

3 

4 

10*5 

ii*i 

lo-S 

10*1 

10*1 

' ... the 1 

9 7 


5 

11-5 

— 

SI*I 


— 

7 

12*3 

12*9 

12*0 

i 3*2 m:-"*’’ 

13*5 

13*6 

12 

ears emerged 

J77 

ears emerged 

17.3 

1 8*0 

17*4 

17 

— 

22-0 

— 


20*7 

20*0 


mam axes 
destroyed by 
gout-dy 


Age in 

K/ioo 

K/ioo 

K/io 

K/lo 

K/io 

weeks. 

SD 1°. 

SD 18° 

LD 

LD i8^ 

SD I*", 

8 

12*5 ^ 

15*0^ 

11*6 

ears 

emerged 

12*5^ 

15*2^ 

Age in 

K/io 

N/ioo 

N/ioo 

N/ioo 

N/ioo 

weeks. 

SD i8^ 

LD 1°. 

LD i 8 ^ 

SD 

SD 18°, 

8 

i^.gi 

9*S 

ears 

emerged 

13-5' 

14*2^ 

14*6^ 


The full number of leaves had not been formed at eight weeks. 
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(2) Number of ridges on spike. Table IX gives the total number of 
floral priniordia on the undeveloped portion of the apical meristem^ as 
observed in 193^“ 

It has already been explained that many of the actual ridges present 
will become leaves. For this reason, the number of ridges observed must 
be corrected to give an estimate of the true flower expectancy by sub- 
tracting the number of ridges destined to become leaves, i.e. the final leaf- 
number for the series, as measured at a later sampling, minus the leaf-number 
at the time of the sampling In question. The result of these calculations 
appears in the Table. 


Table IX. 


Number of Floiver Ridges, 


Age in 

FMLD 

FMLD 

N/10 LD . 

N/io LD 

FMSD 

FMSD 

weeks. 

ri. 

18°. 

1°. 

18°. 


18°. 

4 

4-89 


5-23 


— 

— 

6 

28.56 

4-74 

20*56 

0*24 

13*67 

9*22 

8 

42*00 

I3-II 

3L14 

8*22 

26*11 

19*90 

10 

41-45 

17-81 

34-33 

12-25 

49*00 

36*11 

13 

— 

35-50 

— 

25*00 

55-67 

52*50 

16 

— 

31*83 

— 

34-00 

61*67 

44*92 


This method of correction of ridge number gives some idea of the 
point in time at which flowering ridges begin to be laid down. In the two 
low temperature ^ long-day ' series this is earlier than the fourth week ; in 
the others it is earliest in the two ‘ short-day ’ series, and latest with nitrogen 
starvation (N/io 18® LD.), It is clear that plants grown in ' short* days 
have a high potential grain-yielding capacity, but actually, as already stated^ 
the spikes die within the leaf-sheaths. By applying long-day treatment at 
this stage normal car emergence is induced, and' then very large ears with 
increased grain number are produced. 

There is no apparent morphological distinction between ridges which 
become leaves and those which produce flowers, and it is impossible to say 
whether in the early stages any actual difference exists, or whether the 
ridges are at that time plastic structures whose further development is 
controlled by external conditions. 

The constancy of the minimum number of leaves produced suggests, 
however, that the indeterminancy is true only of the later formed ridges — 
i.e. after, say, the tenth. 

In 1933 these findings were confirmed. Again, the higher proportion 
of floral ridges in short-day plants appeared. The effect of low temperature 
germination and of short days was exactly the same as in i93i^v Potash 
starvation in’ ‘/long, -day V cold-germinated plants was without any effect on 
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ridge production, but with warm germination, had a depressing effect mdiich 
became more marked as time went on. 

(3) Length of ' spike \ ‘ Spike ’ length (ie. the length of the undifferen- 
tiated portion of the apical meristem) cannot be regarded as an absolute 
criterion of reproductive activity. Its rate of increase does, however, bear 
a close relationship to the onset of flower differentiation. 


Table X. 


Spihelmgth (7nm.), igj2. 


Age in 

FMLD 

FMLD 

N/io LD 

N/io LD 

FMSD 

FMSD 

weeks. 

1°. 

18°. 

iL 

18° 

1°. 

iS° 

4 

0*6 1 

0*55 

0*58 

0-52 

0-86 

0-56 

6 

2*66 

0*82 

I *60 

0*71 

1-25 

1*22 

8 

33*43 

I*i8 

44*21 

0*87 

1-85 

1-45 

10 

116*67 

1*49 

84-33 

1-12 

3-89 

2*50 


— 

2.24 (6) 

— 

1*80 (6) 

S-00 (6) 

4-13 (6) 

16 

— 

3-38 (6)P 

16-46(7)} 

— 

2-39 (6) 1 ’ 
16-32 (7)) 

7-86 (6) 

4-99 (6) j ' 
11-28 (7)1 


In Table X is shown the progress of spike-length in the 1932 experi- 
ment, and Text-fig. 7 gives the same data expressed on a logarithmic scale. 
The graph shows clearly the slow exponential growth during the first 
thirteen weeks in the four series in which flowering was delayed. At tlie 
sixteenth week, in three series more rapid increase in length was found to 
.have occurred, but this was due in each case to one plant in which flower 
development had begun. The exclusion of these plants gave mean values 
which fell on the same logarithmic curve as those obtained from earlier 
samples. Morphological evidence of flower initiation was visible in the 
two * short-day * series at the tenth week, and in the two long-day series 
germinated at i8°C. such evidence appeared after thirteen weeks. 

A few remaining plants of the four series which had not flowered were 
examined in October. The ears were then ready for emergence, and had 
attained their full length. Again the logarithms of the mean spike-length fell 
on the same straight line for each series. Thus a length and differentiation 
fit for flowering had been attained by slow exponential growth over a long 
period of time (six months), and in these spikes there had been no ^ grand 
period of growth \ 

111 the two series grown in long days after germination at i^^C. the 
spikes grew for about four weeks at the same slow rate as those which did 
not flower. After this, how^ever, growth and differentiation were very 

^ 'Where two Tallies are given the higher value inclndes a single abnormally long spike, while in 
the lower values of the meaii this has been omitted,. 
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rapid, and the ears were ready to flower by the tenth week. Nitrogen 
deficiency was virtually without effect on the rate of growth of the ear. 

Despite the weaker vegetative growth in 1933 the behaviour of the 
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Text-fig, 7. 1932 experiment. Winter rye. Logarithms of spike-length. 
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Text-fig. 8. 1 933 experiment* Winter rye. Logarithms of spike-length. 

Spike initials resembled that observed in the earlier experiment (Text- fig. fi). 
Germination at produced plants which when grown in long days, 
eared in about ten weeks ; a high degree of potash starvation had no effect 
in extending this period or in impairing the ears. 

In short days, or in long days after germination at slow ex- 

ponential growth in length took place, but at a lower rate than in the 
previous year, differentiation also was relatively delayed. Potash starvation 
had the effect of still further delaying differentiation in the ‘long-day' 
series after germination at 18° C., with the result that up to the twenty- 
third week, only one plant showed signs of differentiation. The i^te of 
growth in length was greatly retarded by deficiency of potash. 
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In both years it was clear that short days promoted both growth in 
length and differentiation to a greater extent than long days after germina- 
tion at i8°C, 

In T933 a high degree of nitrogen deficiency was used, both in long 
and short days. In long days this had little effect on spike-length, and in 
short days retarded growth of the spike. Maximov (15) and Borodin (4), 
however, found that in barley nitrogen deficiency removed the inhibiting 
effect of short days— no indication of this effect has been observed with 
either winter or spring rye.^ 

Short day after-effect. 

After three and a half weeks’ growth, a pot among the SD. 1° plants 
was slightly damaged, and to avoid inclusion in samples was removed and 
thenceforw^ard exposed to the full length of day. Eight weeks later, this 
was noticed to be in ear — the low temperature germination effect which 
had been masked by short days, manifested itself in exactly the number of 
weeks required by L.D. 1° plants to reach that stage from planting. The 
ear was very long — due to the large number of ridges already laid down 
during its exposure to short days. Later, a pot of SD. 1° and one SD. 
were given long days after thirteen and a half weeks ‘short-day’ treatment 
Four weeks later in the pot, three plants were coming into ear; 

meanwhile those germinated at 18*^ C. resembled the control ‘short-day’ 
plants, at least externally. Eventually during October^ after about twelve 
weeks of LD. treatment two of the three plants formed ears, differing in 
this respect from both LD. 18° and SD. 18® plants. The rapidly shorten- 
ing days stopped ear-emergence, but all the floral parts were completed. 
It will be remembered that in 1931, 18® plants grown through the winter 
produced ears in the lengthening days of March : it seems that short days 
promote the inception of flowering but prevent its completion, which can only 
occur in long days. This would account for the relatively long spikes met 
in both years in SD. plants. 

V. Carbohydrate and Nitrogen Content. 

The importance of the relations of carbohydrate to nitrogen content 
as a causal agent in flower production has been stressed by some investi- 
gators, Thus, Klebs ( 12 ), Kraus, and Kraybill ( 13 ) both support this view. 
Gassner (8) also found higher sugar content in winter cereal seedlings when 
these were germinated at ffC. than after germination at higher tempera- 
tures, and relates this fact to their floweiing after spring sowing. On the 
other hand, the importance of this relation has been denied by others, among 
whom may be cited Arthur, Guthrie and Newell (3). 

^ The result with spring rye was obtained in the present year (1934). 
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To investigate this point, estimations of organic nitrogen and soluble 
carbohydrates were made, using the youngest expanded leaf on the main 
axis, prepared as described on p, 931. The total organic nitrogen, the 
total soluble carbohydrate and reducing sugar were alone estimated, as 
this was considered sufficient to determine any large effects the various 
treatments might have had on the plants* metabolism. 

Methods of analysis. 

(i) Nitrogen. In this work the total nitrogen only was estimated, using 
the Pregl micro-Kjeldahl technique (20). No special precautions were 
taken to estimate nitrate present. 

To reduce sampling error the dried leaf material was finely ground in 
a Wiley mill : from this powder, after redrying duplicate samples of from 
10-18 mgm. were weighed out on a micro-balance. The variation between 
the nitrogen in duplicate samples was between % and 3 per cent, of the 
mean. 

{%) Sugars. The material had been stored as described on p. 931 in the 
95 per cent, alcohol in which it had been killed. This was dealt with by 
a modification of the method described by Archbold (2), and reducing and 
total sugars were estimated by the ferricyanide method of Hagedorn and 
Jenson. 

Experimental results, 

(i) Nitrogen, The percentage of total nitrogen in the dried leaf 
material at the sampling dates is shown in Text-fig. 9. 

It is clear that flowering occurred under widely different conditions of 
nitrogen content, while similar nitrogen content (as in the two nitrogen 
starved series N/io C and N/io x8^) may be associated with either early 
or late flowering. Short-day treatment increased the nitrogen content 
during the first ten weeks. 

(2^) Reducing sugars. In Text-fig. 10 is given the concentration of 
reducing sugars at different ages, expressed as milligrams of glucose per 
gram of fresh leaf. 

Little variation is shown, but a marked accumulation occurs after 
eight weeks in the two sets which were then about to flower. Differentia- 
tion of flower primordia had taken place four weeks earlier and therefore 
cannot be regarded as a consequence of this accumulation. More probably, 
the leaves on the expanding stem intercepted a small proportion of the 
flow of carbohydrate to the growing ear. 

Manurial treatments had no effect on reducing sugar content 

(3) Total sugars. The results are shown in Text-fig. 11, At the 
time of planting the sugar content was not substantially affected by tempera- 
ture during germination, and at no^ stage was a temperature after-effect 
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uniformiy apparent. The factor which dominates sugar content is nitrogen 
starvation which substantially increases it both where flowering occurs and 



Text-fig. 9. 1932 experiment. Winter rye. Nitrogen content of' dominant’ leaf 

expressed as percentage of dry weight. 



Text-fig. 10. 1932 experiment. Winter rye. Reducing sugar in 'dominant’ leaf, expressed 

as milligrams of glucose per gram fresh weight. 

where it fails. Short days which reduce the daily assimilating period 
by nearly 40 per cent, have a negligible effect on sugar content, a fact 
which is in complete agreement with the dry-weight data on p. 934. Some 
explanation of the effect of short days on flowering must be sought which 
does not postulate a reduced carbohydrate supply. This accumulation of 
carbohydrates does not result from a low nitrogen content (p, 941)* 
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(4) Carbohydrate-nitrogen ratio. Text-fig. 13 gives the ratio of total 
sugars to nitrogen content. This emphasizes the fact that in winter rye, 



1 EXT-FIG. II. 3932 experiment.^ Winter rye. Total sugars in dominant leaf, expressed as 
equivalent milligrams of glucose per gram fresh weight. 


1* ccnniiMATiow O rui.L.y manurco lonc, days 



Text-fig. 12. 1932 experiment. Winter rye. Ratio of total sugars to nitrogen. 

this ratio has no relationship with the ability of the plant to differentiate 

flower initials or to produce flowers. In all the graphs the time of first 
inception of flowering (/) and advanced differentiation {F) are marked. 
In some cases the first stage occurred between samples and was thus 
missed. 


VI. Discussion. 

General considerations. 

The problems with which the present investigation is concerned are 
posited in the introductory section. The approach to the solution lies 
through a consideration of the 'failure td flower’, rather than in the 

analysis of the causal factors determining flowering. 

' ' ' ' '■ ... / 
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In al! previous work dealing with the particular problem under 
Investigation little information is to hand as to the actual condition of the 
meristematic regionSj or the relation of flowering and its failure to the 
vegetative growth of the plants treated. There was some reason to supposCj 
a priori^ that the failure to flower in certain of the treatments may have 
been due to a direct antagonism between tendencies to vegetate or reproduce. 
This seems to be the position postulated by Maximov. Thus lack of 
potassium leads to failure to flower in barley, and in this case the pheno- 
menon is associated with a tendency towards excessive tiller formation. 
Two or three successive cycles of tiller formation occur, each associated 
with the death of older tillers at the time when the ear should normally 
begin its phase of rapid development ( 14 ). A fairly complete study of the 
morphological development was therefore undertaken to inquire into the 
importance of this aspect. The results (Text-figs. 4, 5, and 6) show con- 
clusively that the extent of vegetative development is a consequence of 
flowering and in no way exerts a causal influence. Thus under nitrogen 
starvation flower primordia appear and flowering takes place at the normal 
time in spite of reduced vegetative growth, whereas the temperature after- 
effect is not influenced by nitrogen starvation. Conversely the photoperiodic 
effect also is little affected by nitrogen starvation ; under short days there 
is an increase in tiller numbers both with ample and deficient nitrogen 
supply, and a slight reduction in differentiation of the spike was noted as 
compared with the fully manured plants under these conditions. The 
findings of Maximov in this respect have not been confirmed ; suppression 
of the vegetative tendency leaves flowering unaffected. 

In furtherance of this mode of approach chemical analyses of the plants 
with respect to carbohydrate and nitrogen metabolism were undertaken. 
Again the results (pp. 941-3) show that neither carbohydrate level, nor 
nitrogen content, nor their ratio, has any causal relation to failure to flower. 
This conclusion was apparent in the course of the work. A rapid survey 
of the phenomenon of failure to flower in other plants was therefore under- 
taken collaterally with this investigation. Variation in the length of day 
provides a ready method for conti'olling the incidence of flowering, and was 
used in this preliminary survey. 

In relation to the problem of failure to flower the morphological 
structure of the plant is not without significance. 

The distribution of the flowers in relation to the vegetative organs 
gives a basis on which plants may be divided into two classes : 

(i) Forms with indefinite apical growth and axillary flowers. 

(a) Forms in which the basal region of the axis produces leaves with 
vegetative axillary buds, and the upper region, a terminal inflorescence 
with bracts, which may in some cases be suppressed. 

In the first type flowers may potentially be produced in the axil of 

% ■ 
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any leaf. If flowers fail to appear in the appropriate position the question 
arises as to the mode of failure. Three types of behaviour have already 
been distinguished : (^3:) buds develop as long vegetative shoots {Ipomaea 
in long days) ; {b) flower buds arc first produced, and later shed by formation 
of an absciss layer {Phascoliis multifiorus in short days) ^ ; (c) no external 
signs of any bud formation can be seen {Convolvtdns tricolo}' in shoit days). 

It is evident that here there is no morphological necessity for vegetative 
growth to stop when flowering begins, and in many cases the two phases 
continue together. In others, however, growth of the terminal bud ceases 
when floweiing begins and as a consequence of flowering. 

In the second type some vegetative growth must precede the formation 
of the inflorescence. The extent of this growth will depend on whether 
a determinate number of leaves is necessary or not. The cereals in general 
belong to this type, and all the plants studied may be placed in this 
category. There is evidence to show that the spring and winter cereals 
differ in this respect, also a difference between species is evident. 

The information gained from the present investigation on this point 
may be summarized as follows. 

(i) No known treatment can induce differentiation of flower initials 
before a certain minimal number of leaves has been formed. Under long 
days in spring varieties, this number is approximately seven, in winter rye 
germinated at C., it is about twelve, and in winter rye germinated at C. 
it is from twenty-two to twenty-five. 

(q) In days of ten hours duration the number of leaves produced before 
differentiation of flowers is always about twenty-two, irrespective of variety 
or temperature treatment. 

Temperature after-effect 

It appears therefore that the effect of temperature of germination on 
the time of the production of flower primordia is linked up with the length 
of the vegetative phase controlled by the obligatory minimal number of 
leaves which must precede flower formation. This is the major after-effect 
of temperature. 

In addition, however, low temperature germination directly affects the 

^ Phaseoins muUiJlorus has been vaiionsly described as a ‘long-day* plant (Maximov 17) and 
as a ‘short-day* plant Tmcker (24). An experiment performed on this plant by the author has 
thrown light on this question. Under conditions of short days, dower-bud production began earlier 
than with long days, and was associated with reduced vegetative growth and a considerable 
weakening of the twining main axis. Flower inception had thus begun in short days, while under 
long-day conditions buds similarly situated were growing vegetatively. Under continued short-day 
treatment these flower buds were shed following the production of a very definite absciss layer. 
These flowers were quite normal — one such flower, which for some reason escaped abscission 
produced an unusually large fruit cf. Tincker (24). Control plants under the natural summer day 
behaved normally. In this connexion it is interesting to note that Gamer and Allard (6) found 
that short days were in many cases essential for normal abscission of leaves in autumn. 
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rate of elongation of the apical meristem (see Text-figs. 7 and 8). When 
the plants germinated at i°C. and exposed to long days are compared 
with plants similarly treated but germinated at 18° C. it is seen that from 
the second week onward there is a much more rapid elongation of the spike 
in the former, and this antedates the appearance of flower primordia. The 
requisite number of leaf primordia is reduced by the 1° C= treatment, and 
in addition the rate of growth of the spike is increased, hence there is 
a twofold acceleration of flower primordia initiation. 

Gassner (8) found that the length of time taken to flower increased 
with increasing temperature at germination — it may then be suggested as 
a hypothesis that as the temperature at germination approaches a minimum, 
the minimal number of leaves approaches that found in the summer 
variety. On the other hand, the close relationship observed in Petkus rye 
between minimal leaf numbers for the summer variety —seven, for ‘ cold ' 
germination in the winter variety — twelve, and for warm germination in 
the latter — twenty- two, suggests a possibility that leaf formation may occur 
in cycles of seven. 


Photoperiodic effect. 

Short days delay the production of flower primordia by raising 
uniformly to approximately twenty-two the minimal number of leaves 
required. This effect is unaffected by the temperature of germination. 
A further effect of short days is seen in the rate of production of floral 
ridges on the spike (Table IX). At ten weeks the average numbers were 
as follows: FM SD. 18°, 36-1; FM LD. 18", 17.8. Meanwhile the 
FM. SD. 1° plants showed 49*0. The accelerating effect of low tempera- 
ture germination is thus still evident. Further, these figures account for 
the earlier differentiation in short days after high temperature germination. 
The result of this earlier differentiation is apparent in the experiment 
described on p. 940. By removing plants after thirteen and a half weeks, 
from short days to long days, ear emergence occurred after a further twelve 
weeks in the 18° C. plants, whereas similar plants which had been exposed 
ail the time to long days had not yet eared. Plants which had been 
germinated at 3 ^ C. and removed from short days at the same time required 
only four weeks of long-day treatment for ear emergence. 

Short days therefore lead to earlier differentiation of flower primordia 
by increasing the rate of growth of the meristem, and this partially counter- 
acts the effect of increasing the minimal number of leaves : low temperature 
germination still further counteracts this effect by inducing a still more 
.rapid growth of the meristem. 

One of the effects of this extension of the meristem in short days is 
made manifest by subsequent removal to long days, when the extra ridges 
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differentiated give rise to abnormally long ears, with more than the normal 
number of grains (p. 940). 

Since the above was written, the author has found that N. A, ^ 
Maximov (16) considers that short days exert an accelerating effect on 
flowering ; this appears in an abstract of a paper presented at the Fifth 
International Botanical Congress, though not read. He suggests that the 
physiological characteristic of winter crops is the existence of a factor 
antagonistic to flowering, and that the action of this factor can be checked 
by long exposure to cold, by short days, or by X-ray treatment 

Stages of flowering. 

So far the conditions leading to the formation of flower primordia 
have alone been considered. The whole process of flowering may be 
divided into the following phases : 

(i) Attainment of ' ripeness to flower’ (Klebs). 

(a) Differentiation of flower primordia (flower initiation). 

( 3 ) Further development of the flowers up to ear emergence or 
anthesis. 

The stage of ‘ripeness to flower’ begins with the production of the 
minimal leaf number (itself determined by temperature of germination and 
clay-length). That this is so is shown by two considerations : 

(1) In short days flower primordia continue to differentiate indefinitely, 
in spite of the fact that further development of those formed earlier is 
delayed. 

( 2 ) Flower differentiation begins, not just above the last formed leaf 
primordia, but at the middle of the spike. 

In this connexion the photoperiodic after-effects noted by Rasumov 
are important. Analysis of his figures for short-day plants (millet) dis- 
closes the fact that no photoperiodic after-effect can be induced until three 
days from germination have elapsed. After this the effect of the day- 
length can be completely accounted for on the assumption that the rate of 
primordium differentiation is increased by short days. The evidence on 
which such an assumption is based is given in Table XI, taken from 
Rasumov’s data (21). 

When short days are given fii'st, it can be seen that three preliminary 
short days have no effect on the time taken to flower — four days’ short-day 
exposure, however, shorten the period by four days, and six days’ exposure 
shorten the time by twenty-five days. Farther extension of the preliminary 
‘ short-day ’ period to nine days has little effect. We may therefore suppose ; 
that six days of short-day treatment are required in millet to attain the, 
condition ‘ripeness to flower’, and about twenty further days qf time, j 
irrespective of day-lengtk, to produce an emerging panicle. 
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Table XL 


Phoiopcr iodic After-effect Millet {from Rasumov). 



Time for ear 

Long 

days. 

Short 

days. 

State of ear 

Treatment, 

emergence 

(days). 

at change of 
day-length. 

All long days 

51 

SI 

0 

no record 

22 long days at start 

42 

22. 

20 

35 

^5 35 33 

38 

15 

23 

33 

10 3 3 35 


10 

21 

33 

d 53 53 

All short days 

27 

6 

21 

33 

23 

0 

S 3 

35 

3 short days at start 

5 ^ 

48 

3 

not differentiated 

4 35 35 

47 

43 

4 

3 3 

5 35 3? 

33 

28 

5 

33 

6 , , 5 , 

26 

20 

6 

33 

7 35 33 

28 

21 

7 

33 

9 33 33 

24 

15 

9 

33 


Ill long days, the attainment of ripeness to flower is much slower ; 
since with long-day treatment only, fifty-one days are required for 
flowering, and since we suppose twenty-one days are needed to convert the 
condition of ^ ripeness ’ into flowering, then thirty long days are needed to 
attain this condition. Thus differentiation is five times as rapid under 
short- as under long-day treatment 

Since differentiation is so slow under long-day treatment when applied 
first, the length of exposure up to thirty days does not very much affect 
the number of subsequent short days required. 

Table XII. 

Nimiher of Short Days Equivalent to Preliminary Long Days, Millet, 
(30 long days are equivalent to 6 short days). 


Preliminary 

Equivalent 

Subsequent 

Calculated num- 
ber of short days 
required for earing. 

long days. 

short days. 

short days. 

^2 

4*4 

20 

24*4 

IS 

3*0 

23 

26*0 

10 

2*0 

21 

23*0 

6 

1*2 

21 

22*2 

0 

0-0 

23 

23*0 


It is apparent from Table XII that millet requires approximately 
twenty-three short days for earing to take place. If long days are given 
first the time to ear is increased, since differentiation takes place at only 
one-fifth the rate. When allowance is made for this the calculated 
equivalent number of short days required is always approximately twenty- 
three, whatever the previous treatment. 

The figures given by Rasumov for a long-day plant are shown in 
Table XIIL 
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Table XIIL 

Photoperiodic After-effect. Barley {from Rasumov). 


Treatment. 

Time for ear 

Short 

Long 

State of spike 

emergence 

(days). 

days. 

days. 

at change of 
day-length. 

All short days 

87 

S7 

0 


25 short days at start 

68 

25 

43 

differentiated 

20 ,, ,, 

64 

20 

44 

jj 

not differentiated 


59 

15 

44 

10 ,, ,, 

56 

10 

46 


All long days 

SO 

0 

50 


7 long days at start 

84 

77 

7 

not differentiated 

10 „ 

68 

58 

10 

j j }} 

IS 

58 

43 

IS 

ear initial 

20 „ „ 

56 

3b 

20 

3 j jj 


It is clear that the case of barley is different from that of millet, apart 
from the obvious difference in its reaction to day-length. In millet it was 
seen that when once the condition of ripeness to flower is established, the 
further growth rate is unaffected by day-length. In barley, and also in 
oats, it will be shown that after differentiation is initiated long-day treat- 
ment shortens the time taken to flower: it is therefore obvious that long 
days are here favourable to the later stages of flower development. 

In the cases where short-day treatment is given first, it appears that 
however extensive the ^ short-day ’ period may be, up to twenty-five days, 
approximately forty-four long days are needed to complete the process of 
flowering up to ear emergence. In order to gain further information from 
these figures, it is necessary to determine the number of long and short 
days respectively needed to attain ‘ ripeness to flower ^ Rasumov*s morpho- 
logical observations show that for differentiation to be apparent, between 
ten and fifteen long days are needed, or between fifteen and twenty short 
days. It seems then that this initial stage is here less dependent on day- 
length than it is in a short-day plant 

It is possible to assess the relative value of long and short days in 
promoting the whole process of flowering, as shown in Table XIV. 

Table XIV. 

Relative Flower-promoting Values of Short and Long Days. Barley. 

Total number of long days to flower == 50. 

,, „ short ,, ,, “ by. 


Long days 
at start. 

Remaining 
long days. 

Equivalent 
short days 
(from Table 13). 

SD/LD, 

0 

50 ( 50 - 0 ) 

87 

1*74 

7 

43 (50-7) 

77 

179 

10 

40 (50-10) 

58 

I- 4 S 

15' 

35 (so- 15) 

43 

I‘23 

20 

30 (50-20) 

3b 

1*20 
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It can be seen that a preliminary period of long-day treatment of 
seven days requires subsequently either forty-three long days or seventy- 
seven short daySj that is to say, the flower-promoting value of one long day 
is equal to that of i-8 short days. When no preliminary long days are 
given, the same ratio holds, so presumably during seven long days nothing 
has been contributed to the process of flowering, or, in other words, ' ripe- 
ness to flower^ has not been attained. But after ten preliminary long days 
the subsequent short-day period required is relatively reduced, which 
indicates that during the ten days some part of the development following 
' ripeness to flower ’ has already taken place. It is probable then that 
between seven and ten long days are required to attain this condition — 
a conclusion which agrees with Rasumov’s statement that morphological 
differentiation becomes apparent between ten and fifteen days. 

When short-day treatment is applied firsts it is seen that ten short 
days require only three subsequent long days more than are required by 
twenty-five preliminary short days. This indicates that ripeness to flower 
has been attained in ten short days, and that the further development is so 
slow in short days that fifteen further short days have little effect, and 
therefore after twenty-five short days forty-three long days are still 
required » 

There is evidence for a real ‘ after-effect ' only in the case of the short- 
day plants. In the long-day plants, the effect is due entirely to the fact 
that long days hasten the events after flower initiation has been reached. 
In all respects the findings of Rasumov agree with the results obtained in 
this investigation. 

The conclusions derived from re-e?jamination of Rasumov’s data may 
be summarized as follows : 

(i) In a ^short-day' cereal, like millet, short days hasten differentia- 
tion of flowers, and the subsequent stage of development, leading from 
differentiation to flowering, is independent of day-length. 

(:^) In a Mong-day ’ cereal, like oats or barley, differentiation is almost 
independent of day-length or may be accelerated by long days, but later 
stages are considerably hastened by long-day treatment. 

If the differentiation of flower primordia is to be accepted as the basis 
of classification of long- and short-day plants, it will be seen that the 
spring varieties are all ' long-day ' plants, flower differentiation being inde- 
pendent of day-length. The time of initiation, however, as stated above, 
is dependent on day-length owing to the effect on the minimal leaf number^ 
i.e. onset of ripeness to flower. Winter xye, on the other hand, when ger- 
minated at 1° C. is a long-day plant, while germinated at it behaves 

like a short-day plant in that differentiation proceeds more rapidly in 
short'days, ^ , 
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Further development of the primordia. 

The further development of the flower primordia is unaffected by tem- 
pej’ature of germination ; day-length, however, is a controlling factor. 

Text-figs. 7 and 8 show that the further growth of the spike after 
flower initiation may follow one of two courses : 

(i) either the slow exponential growth prior to flower differentiation 
continues unchanged (short days) ; 

(!2) a sudden increase in growth rate occurs (long days). 

Even under conditions of slow exponential growth in continued short 
days the ear may reach complete development, attaining its normal or a 
supernormal length (p. 938) ; normal emergence, however, does not occur, 
and instead the ear dies within the leaf-sheaths. This death is associated 
with failure on the part of the stem to elongate. Evidence is to hand that 
normal development of the vascular supply also fails. Phloem necrosis 
has been ob^served, and this may be the proximal cause of the failure of 
elongation and emergence of the ear. The stem has apparently specific 
photoperiodic requirements (Wanser ( 25 )). 

The cereal plant would appear to occupy a category of its own in 
relation to photoperio<;lisni. The spring varieties are true long-day plants. 
The winter varieties germinated at high temperatures are short-day plants 
with respect to differentiation of flowers, but demand long days for sub- 
sequent stages ; the winter varieties germinated at low temperatures are 
similar to spring varieties. 

The relation of these varieties to the time of sowing is now clear. 
Germinated in the early winter at high temperature or at low, flowering 
takes place simultaneously with lengthening days in the spring. The 
short days of the winter have in both cases raised the minimal leaf number, 
and growth in the short days is so slow that the stage of ripeness to flower 
is not reached until the days are lengthening in the spring. Further 
development is thus the same in both. Sown in spring the date is of 
importance, as is also the temperature of germination. At high tem- 
peratures the minimal number of leaves is increased, and therefore the 
phase of ‘ ripeness to flower ’ is not reached until day-length is reduced 
below the limit for elongation and ear emergence. Low temperature is 
now effective, since by reducing the minimal leaf number the phase of 
ripeness to flower is attained earlier while long days still prevail. The 
earlier experiments of Gassner (8) thus find here their logical exposition. 

Internal factors leadmg to flowering. 

The causal mechanism by means of which the external factors here 
discussed bring about changes which lead to flowering is little understood. 
It seems probable that a chemical niechamsm is concerned, but the present 
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investigation lias shown no relationship between flowering phenomena and 
the variations in carbohydrate and nitrogen content. Possibly some sub- 
stance in the nature of a hormone may be shown to play a part^ and work 
on this line is now proceeding. 

Vermlizatian. 

A practical application of the interaction between temperature at ger- 
mination, length of day, and time of flowering, is seen in the process of 
vernalization. This term is suggested by White and Hudson (26) as the 
English equivalent of the Russian ' Jarovizatzia 

For a complete understanding of the process of vernalization studies 
of primordium differentiation seem to be essential. The findings in this 
work are essentially in agreement with the Russian work, save only 
Lyssenko's suggestion as to the efficacy of continuous darkness in the 
early stages. This is now receiving further investigation. 

VIL Summary and Conclusions. 

(i) The reaction of winter rye (var. Petkus) to temperature at ger- 
mination and to varied day-length has been investigated. Germination at 
temperatures a little above freezing-point substantially hastens the flowering 
of plants sown in spring. When, however, the plants are exposed to the 
short days of winter or to a day-length artificially shortened to ten hours, 
this hastening effect is not manifested. 

{!) Investigation of early stages in flower formation show that after 
germination of C„ artificially shortened days retard flower differentiation. 
After germination at however, short days hasten it to a small 

extent, although in this case long days are necessary to complete the 
process of flowering. 

(3) Experiments with spring rye (var. Petkus) show that temperature 
at germination has no effect on the rate of flower production, which is even 
more rapid than that of the winter rye germinated at 1°. Short days 
inhibit flowering, and it may be said that summer rye, and winter rye 
germinated at react in the same way to length of day as do typical long- 
day plants. 

(4) Reduction of nitrogen supply had no effect on flowering under any 
day-length, but reduced vegetative growth. 

(5) Reduction of potash supply had no effect on flowering after ger- 
mination at 1° C. but appeared slightly to delay flower differentiation after 
germinationat i8°C. 

(6) An estimation was made of the concentration of sugars and of 
nitrogen in leaves of the different series of plants. There is, however, no 
evidence that such differences as were observed bear a causal relationship 
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to flowering. An increase in reducing sugars was apparent just before 
flower emergence, but since this was preceded by flower differentiation it 
may be regarded as a result rather than as a cause of the onset of the 
reproductive phase. 

(7) A consideration of these results leads to the following conclusions. 

(a) In assigning a plant to its photoperiod ic category the /ime of 
formation of flower primordia should be considered rather than the time of 
emergence of the inflorescence. 

{h) In winter rye, the differentiation of flower primordia is subject to 
an interaction between day-length and the temperature during germination, 
which factors determine both the minimal number of leaves formed before 
differentiation of flower primordia begins, and the rate of growth of the 
meristematic tissue. 

(e) In consequence of this interaction, in long days low temperature 
germination hastens flower inception in winter rye, whereas in short days 
this effect is not manifested. At the same time, after germination at high 
temperatures, short-day treatment leads to earlier differentiation of flower 
primordia than does growth in long days. 

(d) In spring rye there is no * temperature after-effect ’ but short days 
retard the differentiation of flower primordia. 

(e) When this differentiation has begun, further development is always 
hastened by long days. Therefore, if ear emergence is the criterion of 
flowering, rye is in all cases a long-day plant, but when differentiation of 
flower primordia is considered, it can be said that winter rye after germina- 
tion at high temperature is a ® short-day ^ plant. 
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Gregory for their stimulating criticism and advice throughout the progress 
of the work, and especially to the latter for help with the discussion section 
of the paper. 

The experimentation (apart from chemical analyses) was carried out 
at Chelsea Physic Garden, and I wish here to tender thanks to Mr. William 
Plales, the Curator, for his unfailing helpfulness, and in particular for 
providing for the daily transport of plants subjected to ‘short-day’ treat- 
ment. My thanks are due also to Mr. H. Tooley for taking the photo- 
graphs. 
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EXPLANATION OF PLATE XX. 

Illustrating Miss Olive Norali Purvis’ paper on ‘ An Analysis of the Influence of Temperature 
during Germination on the subsequent Development of certain Winter Cereals, and its Relation to the 
Effect of Length of Day 

Fig. I. The shed and trolleys used for artificially shortening the day-length. 

Fig. 2. 1932 experiment. Winter rye growing in long days, and complete nutrients, A 

temperature after-effect is observed. Photographed eleven weeks after planting. 

Fig. 3. 1932 experiment. Winter rye growing in long-days and nutrients deficient in nitrogen. 

A temperature after-effect is observed. Photographed eleven weeks after planting. 

Fig, 4. 1932 experiment. Winter rye growing in short days, and complete nutrients. No 

temperature after-effect is observed. Photographed eleven weeks after planting. 
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XV. The Relation of Carbon Dioxide Output to the Loss of 
Sugar and Acid in Bramley’s Seedling Apples during 
Storage. 
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S OME preliminary experiments carried out by Lall (3) in this laboratory, 
on the relation between carbon dioxide output and the loss of sugar 
and add in the apple fruit during storage, suggested that in the Bramley’s 
Seedling variety the carbon lost as caibon dioxide was insufficient to 
account for all that lost by the loss of sugar and acid, while no such 
difference was found in the Worcester Pearmain variety. The measure- 
ment of sugar and acid losses presented some difficulty as the rate of loss 
is very small and the material extremely variable in sugar content. 
Estimates of such losses made by the usual method of comparing sugar 
and acid contents of samples drawn at random at suitable time intervals 
from a population of apples are not sufficiently accurate owing to the 
practical difficulties involved in dealing with the large samples necessary* 
To overcome this difficulty Lall (3) employed a method in which half of 
each apple in a sample is employed for chemical analysis, the other halves 
being first used for determination of carbon dioxide output under cai'efully 
controlled conditions and subsequently analysed. Complete data were 
obtained for only seven apples for each variety, a number of results being 
lost owing to the various experimental difficulties encountered during the 
work. Consequently Lall regarded his results as tentative, and suggested 
the need for further Improvement in the method employed. The present 
paper deals with attempts to impi'Ove the ‘ half-apple ’ method and a 
repetition of the experiments with Bramley's Seedling. 

of Botany, Vol. XXVIIX. Xo. CXCII* Octolser, 1934.J 
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Distribution of sugar in the apple. 

Lall cut his apples through calyx and stalk and as far as possible to 
give equal distribution of the area of deeper skin colour, i,e. the blushed 
side* He found that the difference in sugar content between two halves of 
an apple was considerably less than that between separate apples. Some 
estimates of the sugar content of different parts of the fruit were made by 
the late Dr. D. Haynes (2) with the object of determining whether this 
method of cutting gave the most symmetrical distribution with respect to 
sugar and therefore the minimum difference between the sugar content of 
two halves of an apple. Dr. Haynes’ results are shown below in Tables I 
and IL The dry weights (an approximate measure of sugar content) of 
portions of the pulp from the calyx and stalk ends of the apple, of inner 
and outer portions of the pulp and of plugs of tissue removed from the 
' blushed ’ and ‘ unblushed ’ sides and intermediately were determined. 
From the tables it may be concluded that in general sugar concentration 
increases from the stalk end towards the calyx, from the inside towards 
the outside, and is lower on the unblushed than on the blushed side of the 
fruit. With such a distribution of sugar concentration it is clear that the 
least difference in sugar content between the two halves of an apple will 
be obtained by adopting LalFs method. 

Owing to the uneven distribution or absence of red or yellow skin 
colour in many cases, and to lack of symmetry in shape it is found im- 
possible in practice to determine with any certainty the areas of maximum 
and minimum sugar concentrations by relying only on colour distribution 
on the skin. It is, however, evident that if the fruit were cut in two planes 
through the calyx and stalk at right angles to one another, wherever the 
cuts are made the diagonally opposite quarters taken in pairs should have 
a more nearly equal distribution of the parts of higher and lower sugar 
content than two halves obtained by cutting the apple once. By this 
means a small difference of sugar content between two halves should be 
obtained without dependence on the distribution of skin colour. 

Preliminary experiments showed that the increased risk of accidental 
fungal infection in cutting the apple in quarters instead of in halves was 
negligible and, further, the larger cut surface exposed did not prolong 
unduly the period of increased respiration rate due to injury. 

Accordingly the sugar and acid contents of each of the four quarters 
of nine apples from the population used in the experiments described later 
(pp. were determined, so that the differences between the concentra- 

tions of these substances in diagonally opposite quarters taken in pairs might 
be compared with those between adjacent quarters taken in pairs. The first 
cut was made as far as possible to divide equally the area of deeper skin 
colour so that adjacent quarters in paks correspond to the half-apple 
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obtained by cutting once. The results are shown in Table IIL Table IV 
gives the sugar and acid concentration of whole apples, obtained by taking 
the mean of the four values for the separate quarters, and of half-apples 
both as the mean concentration in adjacent quarters and in diagonally 
opposite quarters. These figures are derived from those of Table IIL 
The standard error of the difference between the mean sugar and acid 
concentrations of samples of nine whole apples, and of the mean differences 
between the sugar and acid concentration of the two sets of half-apples 
have been calculated. There is a very much lower error when half-apples 
are compared instead of wholes, and a reduction in the mean difference 
between halves from 0*23 + 0*03 to 0-07 + 0-02 when diagonally opposite 
quarters in pairs are compared rather than adjacent quartets in pairs. It 
diagonally opposite pairs are used fewer apples will therefore be required for 
each sample for a given degree of significance of the differences between 
sugar and acid concentrations than if adjacent quarters are used. This 
advantage is somewhat offset by the additional labour of preparation of 
the quarter-apples. 


Table L 

The Dry Weight of Plugs of Apple Pulp Removed from Different Parts 
of the Fmiit {Bramlefs Seedling). 


Percentage of fresh weight. 


Apple. 

‘ Blushed ’ 

^ Unbluslied’ 

Intermediate between 

Calyx 

Stalk 

side. 

side. 

‘ blushed * and 

^ unblushed ’ 

end. 

end. 

I 

14*57 

12*72 

13*88 

13*60 

14*18 

14*55 

2 

13*66 

I2*6o 

13*21 

12*86 

14*12 

13*^25 

3 

12*93 

11*75 

12*58 

12*79 

13-87 

12*69 

4 

12*41 

11*64 

12*66 

12*41 

13-34 

11*68 


Table 1 1. 

Dry Weight, Stigar and Acid Contents of Inside and Outside Portions 
of Apple Pulp {Bramlefs Seedling). 


Percentage of fresh weight 



Dry 

weight. 

Reducing 

sugar# 

Sucrose, 

Acid. 

Apple I 

outside 

12*24 

6-74 

1*73 

0*50 

inside 

11*64 

6-59 

1*33 

0*98 

Apple n 

outside 

11*98 

6*73 

1*75 

0-76 

inside 

1 1 *60 

6*42 

1*31 

0*91 


Comparison of sugar and acid loss with the carbon dioxide output. 

This was carried out both by the half-apple method and, by .using ' the 
diagonally opposite quarters in pairs. / ' 
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Table IIL 

Total Sugar and Acid Content of each of the Four Quarters of Nme Apples 
cut through the Calyx and Stalk in Two Plantes at Right Angles {Bramlef s 

Seedling). 

Percentage of fresh weight. 


Quarters : I 2 34 




Sugar. 

^ Blushed ’ side. 
Acid. Sugar. 

! 

i 

Acid. 

Sugar. 

^ Unblushed ’ side. 
Acid. Sugar. 

Acid. 

Apple A 

11-05 

1*60 

10-90 

1-49 

io*6i 

I-Si 

10-83 

1-54 

5 J 

B 

II-13 

1*22 

11*52 

i-i6 

10-93 

1*07 

10*84 



C 

ir-23 

1*25 

11-75 

1-19 

11*22 

I-I9 

II*IO 

1*22 

5J 

D 

10-43 

1*51 

lO-IO 

1-52 

10*06 

1*47 

10*17 

x *57 


E 

9 - 8 ; 

1-57 

9-55 

I -60 

9*63 

I-S4 

9*99 

1*55 


F 

12*09 

1-41 

12-19 

1*37 

11*46 

1-36 

11*41 

1*34 


G 

11*31 

I-I 9 

11-54 

1*27 

11*47 

1*34 

11*43 

1-20 


j 

10*17 

I-4I 

10-66 

1-39 

10*40 

1-40 

10*04 

1*45 

JJ 

K 

xo *97 

i‘34 

10-84 

1-28 

10* 18 

1-30 

10*26 

1*29 


Table IV, 

Calculation of Concentration of Sugar and Acid in Different Paris of 
a Sample of Nine Apples. Data from TABLE IIL 

A, Concentration in whole apples, i.e. mean of values for quarters 1,2, 3, and 4. 
Concentration in half-apples. Bj, Mean of values for adjacent quarters i, 4; Bg, for 
adjacent quarters 2, 3. C^, Mean of values for diagonally opposite quarters l, 3; Cj, 

for diagonally opposite quarters 2, 4. 

Difference Difference 




Sugar + Acid. 

between 

Sugar + Acid 

between 


A, 

Bp 

B,. 

Bj & Bg. 

Cp 

Cp 

Cl & Ca. 

Apple A 

12*38 

12-51 

12-25 

0-26 

12-38 

12-42 

0*04 

„ B 

12-25 

12-15 

12*34 

0-19 

12*17 

12*31 

0*14 

„ c 

12-54 

12*40 

12*67 

0-27 

12-44 

12*62 

0-18 

„ D 

11-71 

11*84 

11-5S 

0*26 

n -74 

11*69 

0-05 

5 j ' E 

11-32 

11-49 

Il*i6 

0*33 

11-30 

11*29 

0*01 

„ F 

13*16 

I 3 'I 3 

13-19 

o-o6 

15*15 

13*15 

0-00 

„ G 

12*69 

12*56 

I2-8i 

0-25 

12-65 

12*71 

o-o6 

- 1 


11-54 

11*87 

0*33 

H 74 

11*77 

0-03 

, K 

11*86 

Jl '93 

ii-8o 

0-13 

ii-gi 

11*83 

0-08 

Mean 

I2*i8 

Mean difference 

0-23 

Mean difference 

0*07 

Standard 







Error of 


S. E. of mean 


S. E. of mean 


Mean 

0*193 

difference 

0-0299 

difference 

0*0199 

S. E. of 






difference 









from mean 0-273 

Material and methods of analysis. Bramley^s Seedling from East 
Mailing Research Station were employed. The apples were from trees on 
No. la stock all of which had received the same cultural treatment. They 
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were a-f to 3-! in. in diameter and the average weight was 14:^ gm. The 
fruit was received 16/10/33 and placed in store at i"" C. until required. 
The apparatus and methods used were essentially the same as those 
described by Lall ( 3 ), The procedure for cutting and mounting the half- 
apples in wax was followed exactly. For the quarter-apples the two 
halves obtained by the first cut were mounted on clock-glasses on which a 
piece of grease-proof paper was laid before pouring on the hot wax. 
When the wax was set the half-apple could be lifted off the glass with the 
wax and paper adhering to the cut surface. On cutting each half into 
quarters the newly exposed cut surface was placed on melted wax in a 
clock-glass leaving the first cut surface at right angles to the clock«glass 
and covered with wax and paper. Each quarter-apple was weighed after 
being mounted on wax and again at the end of the experiment. The 
quarters were then carefully detached from the wax and weighed. The 
weight of the dish and wax was given by difference and used to obtain 
the weight of each quarter at the beginning of the experiment. A control 
dish containing wax was placed under the same conditions and no change 
in weight occurred. 

The respiration apparatus was slightly modified by arranging a pump 
to blow carbon dioxide-free air through the chambers in addition to the 
suction pump so that air at approximately atmospheric pressure passed 
through. 

The analytical procedure was also slightly modified to eliminate the 
errors introduced in mixing the cut pulp. For this purpose all the material 
obtained from each half-apple was extracted with alcohol, none being set 
apart for dry-weight determinations. Such determinations were carried 
out by making up the alcoholic extract to a fixed volume and taking an 
aliquot for drying. The alcohol-insoluble material was dried and weighed 
and the weight added to that obtained from the alcoholic extract. That 
similar results are obtained by this method and by drying the pulp directly 
is shown by the figures of Table V. 

The methods of estimation were those described by Archbold (1) 
except that the Shaffer-Hartman (4) titration for sugar determination was 
used instead of that of Lane and Eynon. 

Experiment using half apples. Twenty apples were removed from the 
PC, store on 3/1 1/33 and cut and mounted in wax. All the half-apples 
were then placed in the respiration chamber at ip C. at which temperature 
the measurements of carbon dioxide output were to be made. The 
wounding effect on the respiration rate was found to have ceased by 
20/11/33, 17 days after cutting, and one set of halves was then removed 
and analysed. The corresponding halves were left in the respiration 
chambers and the carbon dioxide output measured from 20/11/33 to 8/1/34, 
7 weeks. This set was then analysed. 
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Table V, 

The Dry Weight of Apple Pulp {Expressed as Percentage of Fresh 
Weight) Determined by Drying the Ctit Pulp at 50° C. (A) and by Diying 
Aliquot Parts of the Alcoholic Extract at (B), and the Residue In- 

soluUe in Alcohol at ico° C. (C). 



Cut pulp 
dried at 

50° C. 

Alcoholic 
extract 
dried at 
50° C. 

Alcohol- 
insoluble 
material 
dried at 
ico°C. 



A. 

B. 

C. 

B + C. 

Sample i 

15-60 

13-80 

2-00 

15-80 

„ 2 

15-68 

13-58 

2*01 

^5-59 

jj 3 

15-60 




Mean 

15-63 



1570 


Table VL 

Analyses of Corresponding Halves of Bramley s Seedling Apples, Expressed 
as Percentage of the Fresh Weight on 

Apples cut and mounted in wax, 3/1 1/33. Halves A analysed 20/11/33, 
Halves B 8/1/34. Total carbon dioxide output (gm.) of halves B from 
20/11/33 to 8/1/34, at I2^C. 





Dry wt. 




Dry wt. 






Total 

of _ 

Total 

Acid (as 

Total 

of 

Total 


CO, 



dry wt. 

alcoholic 

sugar. 

malic). 

dry wt. 

alcoholic 

sugar. 


output 




extract. 




extract. 







Halves A. 



Halves B. 



Apple 

I 

1472 

12-70 

9*93 

2*39 

13*37 

n-45 

9-31 

LI5' 

I-I3 


3 

14*69 

12-68 

10-25 

I-I 9 

13-60 

11-76 

9-94 

0-91 

I-OO 


4 

15-32 

13-26 

10-62 

1-24 

13*77 

ii-8i 

9-79 

1*00 

1-03 

,19 

5 

14*99 

12-83 

10-44 

I- 2 I 

13-56 

11-68 

9-85 

0*97 

0-99 

5) 

6 

14-81 

12-78 

10-43 

1-20 

13-60 

11-76 

9-65 

0*99 

1-22 

J» 

7 

14-50 

12-58 

10-47 

I-II 

13-42 

n-6i 

9-73 

0*92 

1*21 

39 

8 

14-48 

12-53 

10-17 

I- 2 I 

13-41 

10-69 

8-95 

0-93 

1*21 

55 

9 

13-90 

n -93 

9-84 

1*17 

12-54 

10-75 

8-79 

0-91 

I-I7 

53 

II 

14*48 

12-56 

10*09 

1*34 

12-51 

10-73 

8-99 

0-99 

1*37 

5 9 

12 

15-84 

13-80 

11-41 

1*10 

14*05 

12*15 

10-39 

o-8i 

1*17 

39 

13 

15*15 

13-13 

10-69 

1-22 

13-65 

11-71 

9-59 

0*99 

i-i6 

53 

14 

14*67 

12-60 

10-40 

I-I 4 

13*44 

11-55 

9*60 

1-00 

1*20 

39 

16 

14*67 

12*64 

10-51 

I- 2 S 

13*77 

n -79 

9-65 

I-OI 

2^*34 

' 55 

17 

13*54 

1170 

9*53 

1-25 

12-59 

io*8o 

8-91 

1-00 

1-24 


18 

16-28 

14*04 

11*25 

1-24 

14*53 

12*44 

10*33 

I-OO 

I-I4 

71 

19 

15-17 

13-25 

io-8o 

I-I 9 

13-98 

12-12 

10*02 

0-96 

1*25 

59 

20 

14*50 

12-55 

10-12 

1*22 

12-54 

10-83 

8-91 

0*89 

1-41 


The results of the analyses and the total carbon dioxide output are 
shown in Table VI, calculated as percentage of 'the' fresh weight on ^3/11/33* 
Two half-apples became infected with fungi and one sugar solution was lost 
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by an accident leaving 17 complete results. In Table VII are shown the 
losses of sugar and acid and of carbon dioxide calculated in terms of carbon 
from the data of Table VI together with the differences between these losses 
and the standard error of the mean difference. In fifteen out of the seven- 
teen cases the carbon lost as sugar and acid is the greaterj in one case the 
carbon losses are equal (no. 17) and in one the carbon lost as carbon 
dioxide is greater (no. 3). The mean difference between these losses is 
0*106 + 0*023. This difference is nearly five times as great as its standard 
error and is highly significant. 

Table VI L 

The Losses of Sugar and Acid and the Carbon Dioxide Output of Bramlefs 
Seedling' Apples, given in Terms of Carbon, dziring 7 Weeks to 8 /i/pf) 

at iP C. 

The losses are calculated from the data of Table VI. 



Total 

Acid. 

Sugar 

CO2 

Difference 


sugar. 

+ acid 

output. 

between 


I. 

2. 

3 * 

4 * 

3 and 4. 

Apple I 

0*248 

0 'o 86 

0*334 

0*307 

+ 0*027 

,5 j 3 

0*124 

0*098 

0*222 

0*274 

— 0*052 

4 

0*332 

0*083 

0*415 

0*281 

-f 0*134 

,, 5 

0*236 

0*085 

0*321 

0*270 

+ 0*051 

M 6 

0*312 

0*074 

0*386 

0*333 

+ 0*053 

7 

0*296 

0*067 

0-363 

0*329 

+ 0*034 


0*488 

0*102 

0-590 

0*331 

+ 0*259 

M 9 

0*420 

0*090 

0-510 

0*319 

+ 0*191 


0*440 

0*124 

0-564 

0*372 

+ 0*192 

,, 12 

0*408 

0*102 

0*510 

0*319 

+ 0*191 

,, 

0*440 

0*083 

0*523 

0*317 

+ 0*206 

» 14 

0*320 

0*050 

0*370 

0*328 

+ 0*043 

„ 16 

0*344 

0*087 

0*431 

0*366 

+ 0*065 

M 17 

0*248 

0*090 

0.338 

0*339 

— 0*001 

„ 18 

0*368 

0*084 

0.452 

0*312 

+ 0*140 

19 

0*312 

o*o8i 

0*393 

0*340 

+ 0*053 

„ 20 

0*484 

0*116 

O'6oo 

0*385 

+ 0*215 




Mean difference 

+ 0*106 + 0*022 


It is evident, therefore, that if a sample of seventeen apples is used, it 
can be clearly demonstrated by the half-apple method that the loss of 
sugar and acid in Bramley’s Seedling is not accompanied by an equivalent 
output of carbon dioxide. 

Experiment using pairs of diagonally opposite quarters. Twenty-five 
apples were removed from the i°C. store on iyb/34 and cut and mounted 
in wax as already described. The whole set was placed at xf C. Observa- 
tion of the respiration rate of five sets of quarters showed that the normal 
level was reached by 20/3/34, eighteen days after cutting. One pair of 
diagonally opposite quarters of each of 20 apples was then removed from 
each chamber and analysed. Measurements of the carbon dioxide output 
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of the corresponding pairs were made from 120/3/34 to 3/3/34 ( 4 i weeks). 
At this date the apples were nearing the end of their storage life and 
unfortunately moulds developed in many cases on removal from the 1° C. 
store so that complete results were only obtained for nine apples. In this 
sense, therefore the sample was selected. 

During the last week of the respiration measurements of the pairs of 
quarter-apples the carbon dioxide output of each of five whole apples from 
the same population was also measured. From the results of Table VIII 
it may be concluded that the average rate of respiration is unaffected by 
the cutting into quarters if the period of increased rate immediately after 
cutting is excluded. The mean rate for five whole apples and for the five 
sets of quarters is similar. 


Table VIIL 

Mean Rate of Respiration {mgs./ioo gmfhrl) of Whole Apples and of 
Quarter-apples Five Weeks after Cutting into Quarters, 

The period for whole apples was 316 hours (14/3/34 to ^^6/3/34) and for 
quarter-apples %S 6 hours (10/3/34 to 23/3/34). 


Whole 

Kespiration 

Quarter- 

Respiration 

apples. 

rate. 

apples. 

rate. 

I 

1-203 

I 

1-380 

2 

1-095 

2 

1-365 

3 

1-302 

3 

I-I 39 

4 

1-107 

4 

0*989 

5 

i*353 

5 

1*380 

Mean 

I- 2 I 2 


1*250 


The results of the experiment with the pairs of diagonally opposite 
quarters are shown in Tables IX and X, the data correspond to those in 
VI and VIL It is unfortunate that among these nine results one (no. ai) 
is very aberrant. The apparent sugar-loss is very small and from the data 
of Table IV it may be seen that in this population of apples a real value 
so widely different from the mean loss is extremely unlikely to occur. It 
is believed that an analytical mistake must account for this result^ but as 
there was no traceable error in the data relating to this apple the figures 
have been included. The mean difference between the carbon lost as sugar 
and acid and that lost as carbon dioxide in this set is 0-044 + 0*02^^ this 
difference is twice its standard error and is significant, but the results show 
no improvement over the method in which the diagonally opposite quarters 
in pairs are used instead of half-apples. If the aberrant result is excluded 
the mean difference becomes 0-063 ±0*010. Here the difference is five 
times as great as its standard error and is highly significant ; further the 
same order of significance is obtained with half the number of apples 
necessary for the half-apple method. 
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Table IX. 

Analyses of Diagonally Opposite Quarters of Bramlefs Seedling Apples^ 
Expressed as the Percentage of the Fresh Weight on 20/2^4. 

Apples cut and mounted in wax 2/2/34. Quarters A analysed 
20/2/34, Quarters B on 23/3/34. Total carbon dioxide output (gm«) of 
halves B from 20/2/34 to 23/3/34 at 12° C. 


Total 
dry wt. 

Dry wt. 
of 

alcoholic 

extract. 

2 q 

1 

Total 

sugar. 

uarters 

Acid (as 
malic). 

A. 

Total 
dry wt. 

Dry wt. 
of 

alcoholic 
i extract. 

Total 

sugar. 

2 quai 

Acid (as 
malic). 

ters B. 

Carbon 

dioxide 

output. 

Apple 3 

14*12 

12*22 

10*23 

1*00 

12*75 

10*96 

^ 9-39 

0*79 

1-318 

3 } 

7 

14-45 

12*43 

9-87 

1*28 

13*72 

11*71 

; 9-25 

1*07 

o*86o 

33 

8 

15-36 

13*15 

10*57 

I L 25 

14*29 

I2 *o8 

9*90 

1*04 

1*074 

35 

9 

15*25 

13*27 

10*84 

1 1*14 

14*13 

12*19 

10*28 

0*97 

0*767 

33 

10 

13*97 

12*13 

10* 16 

1*04 

13*04 

11*23 

9*41 

0*83 

1*113 

53 

12 

14*28 

12*34 

9*70 

1*29 

13*18 

II* 2 I 

9*03 

1*02 

1*032 

33 

13 

15*08 

13*03 

10*71 

1*02 

13-92 

11*93 

io*i8 

0*82 

1*029 

53 

17 

13-97 

12*05 

9.98 

1-03 

13*02 

IM4 

9*25 

0*85 

0*953 

33 

21 

14-70 

I2*8 o 

10*64 

0*99 

14*34 

12*34 

10*47 

0*91 

0*790 

33 

24 

14-85 

12*97 

10*90 

1*00 

^ 3*75 

11*90 

10*32 

0*79 

1*020 


Table X 

The Loss of Sugar and Acid and the Carbon Dioxide Output of Bramlef s 
Seedling Apples, given in Terms of Carbon^ durmg Four-and-adialf Weeks 

(20j2l^4 to 2 i/p 34 ), 

The losses are calculated from the data of Table IX. 



Total 


Sugar 

CO, 

Difference 


sugar. 

Acid. 

+ acid. 

output. 

between 


I. 

2. 

3 * 

4. 

3 and 4. 

Apple 3 

0*336 

0*073 

0*409 

0*359 

±0*050 

3, 7 

0*248 

0*076 

0*324 

0*235 

+ 0*089 

3, ^ 

0*268 

0*077 

0*345 

0*293 

+ 0-052 

3, 9 

0*224 

0*060 

0*284 

0*209 

+ 0*075 

33 10 

0*302 

0*077 

0*379 

0*306 

+ 0*073 

33 12 

0*268 

0*098 

0*366 

0*281 

+ 0*085 

33 13 

0*212 

0*070 

0*282 

0*280 

+ 0*002 

,3 17 

0*292 

0*066 

0-358 

0*260 

+ 0*098 

,3 21 

o*o68 

0*032 

0-100 

0*215 

-0*115 

33 24 

0*232 

0*076 

0-308 

0*278 

+ 0*030 




Mean difference 

+ 0*044 + 0*020 


Mean difference (omitting no. 31) +0062 ±0*010 

LalFs results for Bramley’s Seedling are thus definitely confirmed by 
these two experiments and it may be regarded as established that from 
17 to 30 per cent of the carbon lost by loss of sugar and acid in these 
apples does not appear as carbon dioxide. 
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Loss of total dry material. 

In the first experiment (half-apples) a mean difference between the 
loss of dry material and the losses of sugar and acid of 0-19 + 0*05 was 
found, and in the second (diagonally opposite quarters) a mean difference 
of 0-16 + 0*048. Both these differences are significant. In these apples, 
therefore, the loss of dry material is greater than that of sugar and acidj 
and it is thus unlikely that some of the sugar is converted to a non-volatile 
product stored in the pulp (see also Lall (3), p. It is not possible to 

offer any suggestion as to the nature of the products of oxidation other 
than carbon dioxide without much more data than are at present available. 


Summary, 

The concentration of sugar in the apple fruit has been found to be 
greater on the ‘ blushed ^ side than on the * unblushed side, and to increase 
from the stalk end to the calyx end and from inside to outside. 

Using the half-apple method described by Lall, the loss of sugar and 
acid, expressed as carbon, in Bramley^s Seedling apples kept at 12^"^ C. is 
shown to be X 7 to 30 per cent, greater than the carbon lost as carbon 
dioxide. 

The number of apples in a sample necessary to obtain this difference 
with a given degree of significance can be halved if for each half-apple 
diagonally opposite quarters are taken instead of adjacent quarters. 

The authors have pleasure in expressing their thanks to Professor 
V. H. Blackman for his continued interest in the work, and to Mr. R. V. 
Martin for carrying out the respiration measurements. 
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Morphology of the Stylar Canal in Anglos perms. 


BY 

A. C. JOSHL 

{Benares Hindu University, Indiai) 

With twenty-seven Figures in the Text. 

T he stylar canaP or the conducting tissue of the style has received 
little attention from botanists. It is known that in the case of the 
hollow styles, as in LilitiMy ButonmSy Agave ^ Erythroniimiy Viola ^ Cam- 
pamda, Sarcodes, &c., the conducting tissue lines the canal as a glandular 
layer or in some cases, as in AnagalliSy fills up a hollow style ; but in most 
cases the style is solid, with the conducting tissue as an axial strand. 
Coulter and Chamberlain (1) have further suggested that the hollow stylar 
canal with its lining of conducting tissue represents a primitive angio- 
spermous condition, and the larger development of this tissue has resulted 
in the prevailing solid style; but they admit the possibility that the 
reverse may be true, and the hollow stylar canal may be the result of 
breaking down or rupture from the solid type. 

No serious attempt has hitherto been made to trace the relation of 
the stylar canal with the other parts of the carpel, especially with the 
vascular system. The purpose of the present paper is to follow this 
relationship in a few families, the floral anatomy of which the widter has 
been studying. 

It will be useful, however, to indicate first the present position of the 
anatomy of the carpel. As Eames (2) has shown, the carpel has primarily 
three traces, a median and two laterals, all arising from separate gaps. 
The median trace runs along the midrib of the carpel on its dorsal side, 
and is hence called the dorsal trace or the dorsal bundle. The lateral 
traces run along the margins, of the carpel — along its ventral side — and are 
hence called the marginal or the ventral traces or bundles. The ovule 

^ The words stylar canal are used here in a rather comprehensive sense. Some anthors restrict 
their use to the hollow type of style. As used here they include both the hollow and the solid 
types and also the whole pollen-tube conducting tissue of the style and its extensions into the owy 
wall which sometimes may reach the very base of the carpel. 

{Annals of Botany,,, Vol. XLVHI. Ho.' CXCH. October, 19^4.} 

, 3S 
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traces are derived from the ventral bundles. Sometimes the midrib 
bundles give rise very near the base of the carpel to two branches, one on 
either side. These are then called the median laterals. A larger number 
of traces than three for a carpel has been derived by multiplication from 
the original three and a smaller number by union or reduction. 

The material studied includes the following plants : (i) Rivina humilis 
Linn. (Phytolaccaceae). (a) Boerhaavia diffnsa Linn., B. repanda Willd., 
MiraUlis Jalapa L., and Bougainvillea spectabilis Willd. (Nyctaginaceae). 
(3) Siellera Chamaejasmae L. (Thymelaeaceae). (4) Mollugo verticillata 
Linn., Gisekia pharnaceoides Linn., Trianthema monogyna Linn., and A 
pentandra Linn. (Aizoaceae). 

Phytolaccaceae. 

In R. humilis} at the base of the gynaeceum, there are three vascular 
bundles (Fig. i). One of these passes into the midrib of the carpel and is 
the dorsal bundle. The other two ventral bundles unite to form one strand 
(Fig. %) which supplies the single basal ovule (Fig. 3). There is no 
vascular bundle on the ventral side of the ovary, but here the stylar canal 
makes its appearance (Fig. 3). Both the dorsal bundle and the stylar 
canal continue up to the apex of the style (Fig. 4). 

A glance at Figs. 1-4 leaves no doubt that the stylar canal occupies 
the place which ordinarily should be occupied by the ventral bundles of the 
carpel. If these had not been completely exhausted in supplying the 
ovule, they would have occupied the same place. 

Nyctaginaceae.^ 

The vascular supply of the carpel and the relation of the stylar canal 
to the vascular system in the Nyctaginaceae is very similar to that of 
Rivina. Here there are, however, only two bundles at the base of the 
gynaeceum (Fig. 5), one large and one small. The smaller one is the 
dorsal bundle and passes on into the midrib of the carpel, the larger one 
represents the fused ventrals and passes on to supply the ovule. In species 
of Boerhaavia [B. diffusa and B. repanda) the margins of the carpel near its 
base never fuse with each other on the ventral side for a short distance, and 
it remains permanently open at this place. Correlated with this fact, two 
separate stylar canals make their appearance here (Fig. 6). They occupy 
exactly the position which is occupied ordinarily by the ventral traces of 
the carpel Higher up the two stylar canals join and form one structure. 
This single stylar canal and the dorsal bundle of the carpel extend right 
up to the apex of the style, as in Rivina (Fig. 7). 

^ Saunders (6) regards the ovary of this plant as bicarpellary. The writer and Rao (4) have 
shown that it is really naonocarpellary as has always been believed. Further details of floral anatomy 
of this plant are also given in the latter paper. 

2 Complete floral anatomy of some members of this family has been described elsewhere (5). 
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In Mtrabths Jalapa (Fig* 8), although the carpel is not an open 
structure at the base^ there is a distinct line marking the union of its 



Figs, 1-9. Eimna ImmiHs ; transverse sections of tlie carpel at different levels from below 
upwards, i. Just at the base, showing its three traces. 2. Slightly higher up showing the fusion 
of the two ventral traces to form one large bundle, 3. Passing of the larger bundle into the ovule 
and of the smaller into the dorsal wall of the carpel* Stylar canal has appeared at the ventral side, 
4. Transverse section of the style, — the dorsal bundle and the stylar canal continue into this. 
5-7. Boerhawvia diffusa ; there are only two bundles at the base of the carpel (fig. 5). The margins 
of the carpel arc open at the ventral side (fig, 6) and to begin with there are two stylar canals. 
7. Transverse section of the style. It agrees with Bivina in its structure. 8. MirahUis Jalapa^ 
transverse section of the ovary. The carpel here is closed but the line of union of the two margins 
is quite clear. Stylar canals are similar to those of Boerhaavia, 9. Bougaimilha spectdbilisj 
transverse section of the ovary. Carpel is closed and there is only a single stylar canal from the 
very base. The vascular tissue in all figures is shown in black and the stylar canals are dotted. 

margins, and here also there are two separate stylar canals at the base 
which fuse higher up into one, just as in Boerhaavia. 

In B. spectabilis the carpel is closed at its base, though there is a notch 
here marking the line of union of the carpel margins. There is a single 
stylar canal from the very beginning, just as in Rivina (Fig. 9). 

It will be seen that, in every case in the family, the stylar canal 
occupies the place of the ventral traces of the carpel. 
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Thvmelaeaceae. 

In S. Chamaejasmae the gynaeceum is usually regarded as mono- 
carpellary, but the writer has shown at another place that it should be 
really considered bicarpellary (3). Through the greater length of its ovary 



Figs. io-*I4. StelUra Chamaejasmae ; transverse sections of the gynaeceum from below 
upwards, lo. Ovary about its middle, showing four bundles in its wall. ii. Just below the style, 
showing six bundles. 12. Base of the style; four bundles pass inwards and two remain at the 
periphery; stylar canal appears in the centre. 15-14. The style; two bundles disappear and 
the four others merge into the stylar canal. In all figures vascular tissue is shown in black and the 
stylar canal is dotted, 

(Fig. 10) there are four vascular bundles, two of these are larger and supply 
the ovule and represent the ventral bundles. The other two are smaller 
and are the midrib bundles. After the vascular supply has been given off 
to the ovule, each of the larger bundles divides into two so that just below 
the commencement of the style or at its base there are six bundles, 
arranged in two gi'oups of three each. In each group there is one dorsal 
bundle and two ventral or marginal bundles of the carpel (Fig. 11). The 
dorsal bundles simply disappear at this stage at the periphery of the style, 
while the four ventral bundles pass inwards (Fig. la) and merge into the 
conducting tissue of' the style (Figs* 13-14), which is thus seen to be 
continuous with the ventral traces of the carpels. 



y oskt,~ 3 i’oTphology of the Sty lav Ccinal in Afigiospeffns. 971 



Figs. 15-20. Gisekia pkarnacemdes, 15. Transverse section of the thalamus after the 
perianth leaves have separated, showing the traces of the five carpels marked C, The stamens have 
not yet separated and are marked .S’. There are five large bundles in the centre representing 
the fused ventrals of the carpels. Besides these, in each carpel there is one dorsal bundle and two 
median laterals. 16. A part of the transverse section of the gynaeceum higher up, showing two 
carpels completely. The ventral bundles have passed into the ovules and the stylar canals have 
appeared on the ventral side of the carpels. 17. Transverse section of one style, showing the 
presence of the dorsal bundle and stylar canal. 18-20, MoUuga verficiliaia. 18. Transverse 
section of the ovary about the middle. There are three carpels, each with one dorsal midrib 
bundle, two median laterals opposite the septa and two ventrals in the centre, 19. Transverse 
section on the ovary just below the styles, showing the origin of the stylar canals just at the place of 
the ventral traces of the carpels. 20. Transverse section of the styles. As before, the vascular 
tissue in all figures is represented in black and stylar canals are dotted. 

Aizoaceae. 

In G. pharnaceoides the gynaeceum consists of a whorl of five free 
carpels. Just at its base (Fig. 15) before the carpels have separated off, 
there are five large bundles in the centre, which represent the fused ventral 
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traces of the carpels, and opposite to these there are the dorsal bundles. 
Each of these gives rise on its sides to two median laterals. The dorsal 
bundles pass into the midribs of the carpels, the median laterals on to their 



Figs. 2I“7. Trianthema peniandra. 21. Transverse section of the ovary. The structure of 
each carpel is similar to that of Molhigo except that the ventrals of each carpel are fused and form 
only one bundle. 22. The same higher up ; the ventral bundles are found to exhaust themselves in 
supplying the ovules. 23. Shows the origin of the stylar canals just in place of the ventral 
bundles. 24. Transverse section of the two styles. 23-7. 71 transverse sections of the 

carpel from below upwards. The carpel is many traced, but there is one distinct large ventral bundle 
and opposite to this a clear dorsal bundle (fig. 25). The stylar canal appears at the place of the 
ventral bundle (fig. 26) and both this and the dorsal bundle continue into the style (fig. 27). As in 
the previous figures, the vascular tissue is represented in black and stylar canals are dotted. 


sides, and the fused ventrals into the solitary basal ovules of each carpel. 
Stylar canals appear at this stage on the ventral sides of carpels, so that 
the condition of each carpel is very similar to that of Rivina (Fig. 16), and 
in the style also, besides the stylar canal, the dorsal bundle continues right 
up to its apex (Fig, 17). 

In Molhigo verticillata the gynaeceum is tricarpellary syncarpous, 
with a trilocular ovary, axile placentation, and three distinct styles. A 
transverse section of the ovary about its middle (Fig, 18) shows six vascular 
strands, two opposite to each loculus. These are the ventral bundles of 
the carpels* Opposite to the ventral bundles, in the outer wall of the 
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ovary lie the midrib bundles and just opposite to the septa, the median 
laterals. Proceeding higher up, the ventral bundles are found to exhaust 
themselves in supplying the ovules and slightly higher up in their places 
appear the stylar canals. There is one for each carpel, and just at the base 
these are clearly biiobed in a transverse section, and thus show in their 
form that they are taking the place of the two ventral bundles (Fig. 19). 
The greater part of the vascular tissue disappears at the top of the ovary, 
but the midrib bundles continue as very weak strands along with the stylar 
canals into the three styles (Fig. 20), 

In T. pentandra the gynaeceum is bicarpellary-syncarpous, ovary is 
bilocular, with central axile placentation and bears at the top two separate 
styles. About the middle of the ovary (Fig. 21) there are found two large 
bundles in the axile placenta. These are equivalent to the fused ventrals 
of each carpel. Opposite to each of these are in the ovary wall, the dorsal 
or the midrib bundles, and at the sides of the ovary are four median 
laterals, two belonging to each carpel. The central axile bundles became 
exhausted higher up in supplying the ovules (Fig. 22). Still slightly 
higher up two stylar canals make their appearance exactly at the same 
situation (Fig. 23). Going higher up, the other vascular tissue is found to 
disappear, but the midrib bundles remain persistent, and one of these and 
one stylar canal pass into each style (Fig. 24). 

T. monogyna has a half-inferior monocarpellary pistil with a single 
parietal placenta bearing many ovules. It receives a large number of 
traces from the floral axis, but one large one can be at once distinguished 
at the ventral side, as representing the fused ventrals (Fig. 25). It supplies 
the ovules. Opposite to it is the midrib bundle. This is also slightly 
bigger than the other bundles. Higher up the ventral bundle is absorbed 
in supplying the ovules. All the other traces disappear except the median 
dorsal. A stylar canal makes its appearance in place of the ventral 
bundle (Fig. 26), and this and the median dorsal bundle continue into the 
style (Fig. 27). 

Conclusion and Summary. 

From the description of the various plants given above, it will be seen 
that in every case the stylar canals are either continuou s with the ventral 
traces of the carpel or make their appearance at, and occupy exactly the 
situation of, such traces. The conclusion is reached that the stylar canals 
have been derived from, and represent modified ventral bundles of, the 
carpels. 

The above conclusion appears to be the obvious one. With the origin 
of the closed carpel with its distinct style and stigma from an open mega- 
sporophyll, nothing could be more simple than that the pollen tubes, in 
order to reach the ovules in the lower part of the carpel, should progress 
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through some of its vascular bundles. The ventral traces would be the 
obvious channels since the ovules are borne on the ventral sidCj and the 
earliest stylar canals must have originated by a mere cessation of the differ- 
entiation of the ventral traces of the carpel at the procambial stage. The 
solid type of stylar canal is therefore to be regarded as primitive. That 
this is the form found even at the present day in the majority of angio- 
sperms supports such a conclusion. The hollow type of stylar canal with 
only a lining of conducting tissue is to be regarded as a derived and more 
recent condition* 

The writer is indebted to Mr. R. A. Laubengayer of Cornell University, 
Ithaca, New York, for the material of Mollugo verticillata. 

Postscript. 

The article by Thomas (7) appeared since this paper was in the press. 
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monium Salts on the Clover Content of Turf. 
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With fifteen Figures in the Text. 

Introduction. 

I N two previous papers (2, 3) it has been shown that during the growing 
season the periodic application of ammonium salts to closely-cut turf 
favours the growth of the grasses and leads to a reduction of most of the 
other species. It was demonstrated that this reduction was not due to 
changes in soil reaction, nor was excess nitrogen responsible, for neither 
urea nor sodium nitrate was as effective as an ammonium compound. As 
only ammonium compounds produced a significant diminution of the non- 
graminaceous plants under conditions not involving a change of soil 
reaction, it seemed unlikely that such reduction could be ascribed to an 
increased competition between the grasses and the other species following 
upon the application of a nitrogenous manure. On the basis of the investi- 
gations of Prianishnikow (12, 13, 14, 15), Smirnow (19), Mevius (6), 
Mothes (8, 9) and Riihland and Wetzel (16, 17, 18), the hypothesis was 
advanced (3) that the reduction of the species which respond to treatment 
with ammonium salts was due to a toxic action of the absorbed ammo- 
nium ions. 

The primary object of the present investigation, which has extended 
over the period i 93 o- 3 ' 2 , was to obtain further information as to the 
mechanism of the reduction in the weed content of turf which ammonium 
compounds produce. Considering a particularly susceptible species, such as 
Trifolium repens ^ it seemed likely that the injurious action would be related 
to a depletion of the carbohydrate reserves. The ammonium ions, by 
combining with the carbohydrates to form ‘ amide ' compounds, would lead, 
if the uptake of such ions was rapid, to a condition where the depleted 
reserves would be insufficient for both the replacement of leaf-tissue re- 
moved by the constant defoliation (by close-cutting) and for maintaining 
the concentration of ammonium ions below an injurious level As anuinber 
[Amals of Botany, VoLXLVIILNo.CXCn.Octbber,i934d ^ 
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of workers have shown that the Legimiinosae, on the classification of 
Rlihland and Wetzel are typical ‘amide plants’, it seemed unlikely that 
organic acids played an important part in the removal of the absorbed 
ammonium ions. Determinations of the hydrogen-ion concentration of the 
expressed sap showed that the sap was not markedly acid as with the case 
of a typical ‘ acid plant ’ such as ‘ rhubarb but of the same order as other 
amide species (approximate pH = 6-o). It was argued, on the hypothesis 
put forward^ that if the total available carbohydrate supply could by some 
means be increased, then the reduction of the clover (D. repens) should, to 
some extent, be lessened ; alternatively the same effect would be produced 
by lowering the rate of absorption of the ammonium ions. 

In the experiments large quantities of sucrose alone, and of sucrose 
with ammonium sulphate, have been added to a sward containing clover. 
On the hypothesis advanced the addition of sucrose to the ammonium 
sulphate should lead to a slower rate of reduction of the clover, since the 
absorption of sucrose with the ammonium ions should reduce the drain on 
the carbohydrate reserves. The possibility had also to be borne in mind 
that the uptake of the added nitrogen might be greatly reduced in the 
presence of sucrose, for such a readily available source of carbon might 
lead to a large increase in the soil microflora and in consequence to a con- 
siderable utilization of the added nitrogen- As the effect of sucrose on the 
growth of turf, acting either directly, or indirectly through the microflora, 
was quite unknown some attempt has been made to measure the effect of 
such treatments by following the changes in botanical composition, and 
by determining yields by cutting plots at short intervals over periods of 
two to four months. In addition, the changes in the soil ammonia and 
nitrate-nitrogen content were followed in 1931- Finally, the initial and 
final soil reactions were also determined in order to obtain some idea of the 
acidification produced by the ammonium sulphate dressings in the 1930 
experiments, and in 1931 and 193:^ to ascertain how successfully this 
acidification had been counteracted by the addition of calcium carbonate 
from time to time. 


I . Changes in Botanical Composition . 

All the experiments here described have been carried out on a lawn 
at this Station which has been cut constantly for the last fifty years ; the 
soil consists of a heavy clay. The chief grasses in the sward were Agrosiis 
together with some Poa trivialis^ Apart from the clover the other 
‘ weeds ^ were present only in very small amounts. 

Experimental Technique. 

Ajfplication of fertilisers. The periodic applications of ammonium 
sulphate and other substances were made during the spring and summer 



the Clover Content of Turf. 977 

montliSj either at weekly or fortnightly intervals. At each application the 
ammoniiini sulphate was added at the rate of ^^78*5 gni. nitrogen per 
1,000 sq. ft., and the sucrose at the rate of 4,540 gm. per 1,000 sq. ft. 



Fig. I. The effect of various treatments on the percentage area covered by T. repens. The 
rates of application at each weekly dressing were 278*5 gm. nitrogen and 4,840 gm. sucrose per 
1,000 sq. ft. 


Other nitrogenous fertilizers were applied at rates equivalent in nitrogen to 
the ammonium sulphate treatment. In order to obtain even distribution 
the fertilizers were applied in dilute solution by means of a watering can, 
and subsequently ^ watered in "" with a hose to prevent damage to the 
herbage by solutions of high concentration. 

Method of botanical attalysis. The method of botanical analysis has 
already been described in detail (2, 3). Briefly the method consists in 
estimating by eye the area covered by each species in a number of small 
quadrats (6 in. x 6 in.), ten to thirty quadrats being taken at random on 
a plot 50-100 sq. ft. in area. Estimates of the error made from time to 
time showed that duplicate sets of counts agreed on an average within 
la per cent., the largest discrepancies occurring when the content of a 
species was below 5 per cent, of the total area. The estimations of area 
covered were carried out periodically during the experiment, and the data 
collected are capable of statistical treatment by Fisher s (5) methods. 

Experimental Results. 

experiments. In 1930 the fertilizers were applied once a week 
from the beginning of May until the^end of October. The treatments 
consisted of ammonium sulphate, ammonium dihydrogen phosphate, urea^ 
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sodium nitrate, and sucrose, each added separately, together with sucrose 
added with ammonium sulphate or with sodium nitrate. 

The changes in the area covered by the clover are shown in Figs, i 
and 3. Initially the clover contents of the plots were of the same order. 



iVfay June July Aug. Sept. Oct. Nov. 


Fig. 2. The effect of various treatments on the percentage area covered by T. repens. The 
rates of application at each weekly dressing were 278*5 gm. nitrogen and 4,840 gm. sucrose per 
1,000 sq. ft, 

none of the differences being statistically significant. However, the changes 
brought about by the various treatments were very different, such that at 
the end of the season the T, repens contents relative to the control 
had been significantly reduced except on the plots receiving urea, or 
sucrose alone. Moreover, the final content of the plots treated with either 
ammonium sulphate or ammonium dihydrogen phosphate was significantly 
less than the content of any of the plots under the other treatments. These 
results are in agreement with previous findings (3). 

All the treatments, with the exception of sucrose, led to a marked 
increase in the content of Agrostis spp., while on the control no change 
took place. P. trivialis was unaffected by the treatments ; Festnca ovina 
declined on all plots. Little account need be taken of the changes in the 
remaining species since they were present only in such small quantities. 

igjj experiments. In 1931 many of the treatments were the same as 
in 1930 but urea was omitted, and calcium nitrate replaced sodium nitrate. 
Additional treatments were included, namely ‘nitro-chalk* (NH4NO34* 
CaCOg), and calcium nitrate at double the usual rate, i.e. 557-0 gm. nitrogen 
per 1,000 sq. ft. The block of plots was laid down adjacent to those of 
the 1930 experiment but the fertilizers were applied only once a fortnight 
from early May, until the end of September. , , , 
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The changes in the clover content of the sward brought about by the 
various treatments, shown in Figs. 3 and 4, are similar to those produced 
in 1930. Fitting straight line regression equations showed that neither 
sucrose alone, nor sucrose with ammonium sulphate, nor calcium nitrate 
with or without sucrose, had led to significant differences from the control 
On the other hand, treatment with ammonium sulphate, ‘ nitro-chalk and 
calcium nitrate at the double rate, brought about a markedly significant 
reduction in the clover content. Although the regression equations for 
ammonium sulphate, ' nitro-chalk and calcium nitrate at the double rate, 
are not significantly different, the final content of the plot treated with 
ammonium sulphate is significantly less than those of the other treatments. 
Since initially the clover content of the plots under these treatments were 
not significantly different, ammonium sulphate would appear to have caused 
a greater diminution than the other treatments. 

There was an increase in the Agrostis spp. on all plots ; none of the 
treatments, however, produced changes significantly different from that of 
the control F, ovina and the Poa spp. tended to decrease in all cases. 

ig}2 experiments. These experiments were carried out 011 an area 
adjacent to the previous experiments. Some of the treatments were 
similar to those of the previous year, namely, ammonium sulphate, calcium 
nitrate, and sucrose alone and with ammonium sulphate. The rates of 
application were the same as in previous years, i.e. 2^8*^ gm. nitrogen and 
4,540 gni. sucrose per 1,000 sq. ft. Additional ammonium sulphate treat- 
ments were also included, the rates of application being 255-3, 2-32*1, and 
185*7 gm. nitrogen per 1,000 sq. ft. The fertilizers were applied fortnightly 
from early May until mid- September. 

The changes in the clover content under the various treatments are 
illustrated graphically in Figs. 5 and 6. From straight line regression 
equations fitted to the data it would appear that all treatments, with the 
exception of sucrose, have brought about a reduction relatively to the con- 
trol, but the differences between these treatments are not significant. On 
the other hand, while at the end of the experiment all the plots treated 
with ammonium sulphate alone had a significantly smaller clover content 
than initially, treatment with either calcium nitrate or ammonium sulphate 
together with sucrose had not brought about a significant reduction. 

During the experimental period the Agrostis spp. increased on all 
plots, the increases brought about by nitrogenous manuring being signifi- 
cantly greater than the control increase ; the Poa spp. irrespective of 
treatment, declined to the same degree. 

Comparing the behaviour of the clover under the various treatments, 
it is seen that the results for the three years are in close agreement. 
Sucrose alone in each year produced no significant effect Ammonium 
sulphate in combination with sucrose was less effective in reducing the 
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Fig. 3. The effect of various treatments on the percentage area covered by T, repens. The 
rates of application at each fortnightly dressing were 278-5 gm. nitrogen and 4,840 gm. sucrose per 
1,000 sq. ft 



Fig. 4. The effect of various treatments on the percentage area covered by 71 repens. The 
figures in square brackets refer to the number of grams of nitrogen applied per 1,000 sq. ft every 
fortnight. 
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Fig. 5. The effect of various treatments on the percentage area covered by 7 ". repens ^ Both 
ammonium sulphate and calcium nitrate were applied fortnightly at the rate of 278*5 gm, 
nitrogen per 1,000 sq. ft., and sucrose at the rate of 4,840 gm. 
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Fig. 6. The effect of treatment with varying amounts of ammonium sulphate on the percentage 
area covered by T. ripens. The hgures in square brackets refer to the number of grams of nitrogen 
applied per 1,000 sq. ft. every fortnight. 
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clover content than ammonium sulphate alone. Sucrose in combination with 
calcium or sodium nitrate brought about changes similar to those of either 
calcium nitrate or sodium nitrate without sucrose. In all years^ treatment 
with ammonium sulphate alone led to the greatest reduction. In 1930 the 
addition of urea to the sward caused no change but sodium nitrate and 
sucrose and ammonium sulphate and sucrose diminished the clover content. 
In 1931 and 1932 treatment with calcium nitrate led to no reduction^ and 
in 1931 both calcium nitrate^and ammonium sulphate together with sucrose 
brought about no diminution. On the other hand, in 1931 ‘ nitro-chalk ' 
and calcium nitrate, both at the double nitrogen rate, reduced the clover, 
but to a less extent than did ammonium sulphate. Finally in 1932, 
despite a reduction in the quantity of ammonium sulphate applied, the 
reduction was not lessened. 

2. Influence of Treatments on Growth and Uptake of Nitrogen. 

To investigate the influence of sucrose and the various nitrogenous 
treatments on the growth and uptake of nitrogen by the mixed herbage 
small plots were cut at weekly or fortnightly intervals over a period of at 
least ten weeks. At the outset it was realized that it would be difficult to 
correlate the data with the botanical changes, since the increases in yield 
over the control brought about by the various nitrogenous substances 
would be to some extent governed by the varying changes in botanical 
composition. On the other hand, in order to obtain a pure grass sward on 
such a long-established turf, pre-treatment with ammonium and iron 
sulphates would have been necessary. Such treatment would have made the 
results less comparable with the data of the botanical changes obtained from 
adjacent areas receiving no pre-treatment. In addition, apart from an initial 
small clover content (12-17 per cent.), few other weeds were present. 

The main object of such experiments w^as to discover the general 
effect on the growth of the turf of sucrose alone, and in combination with 
nitrogenous compounds. If the addition of sucrose to the nitrogenous 
compound produced changes which were small and of the same order, then 
there would be strong evidence that sucrose did not act by reducing to 
a varying degree the available supply of the different nitrogenous fertilizers. 
If an unequal availability was indicated by the data, it might be claimed 
that differences in the botanical changes could be ascribed to differences in 
the degree of competition between the grasses and the clover. Competition 
would be related to the rate of growth, and this in turn would be to some 
extent dependent on the available nitrogen in the soil. 

In each year the experiments were on similar lines, i.e, a number of 
replicated plots arranged in random blocks. The plot size varied from 
50-100 sq. ft., since plots of a larger size were not practicable in the area 
available. In 1930 and 1931 the plots were cut every fortnight, and in 



the Clover Content of Turf 983 

1933 once a week In 1930 the fertilizers were applied weekly, and in 1931 
and 193^ fortnightly. 

In 1930 the experiment extended over a period of ten weeks, and the 
four treatments were—- control, ammonium sulphate, sucrose, and sucrose 
added with ammonium sulphate. The rates of application were 278-5 gm. 
of nitrogen and 4,540 gm, of sucrose per 1,000 sq. ft. The influence of the 
treatments on the total yield of dry matter for the five cuts is seen in 
Table L Sucrose alone had no significant effect on the yield, ammonium 
sulphate brought about a significant increase of 63 per cent. The addition 
of sucrose to ammonium sulphate led to a significant reduction of some 
15 per cent, when compared to ammonium sulphate alone. 

In 1931 four treatments in addition to those of 1930 were included, 
namely, calcium nitrate and urea, each alone and added with sucrose. The 
rate of application of nitrogen was somewhat higher than in 1930, being 
371*3 gm. per i,coosq. ft. As in 1930 (vide Table I), sucrose alone had no 
significant effect on growth over the experimental period (fourteen weeks) 
though the reduction was not far short of significance. Sucrose in com- 
bination with nitrogen compared with nitrogen treatments alone depressed 
the yield. The depression for calcium nitrate and sucrose compared with 
calcium nitrate alone only just failed to be significant, while in the case of 
ammonium sulphate and urea the significant depressions caused by the 
addition of sucrose were some 12*5 and 9-0 per cent, respectively. Finally, 
ammonium sulphate and urea gave a yield just significantly greater than 
that obtained with calcium nitrate. 


Table I. 


Treatment. 

Rate of application 
of nitrogen. 

Yields of dry matter. 


Gm. per 1,000 sq. ft. 
per dressing. 

Gm. per 1,000 sq. ft. 


1930 

1931 

1932 

1930 

1931 

1932 

Control ..... 

— 

— 

— 

8776 

25738 

22858 

Ammonium sulphate . 

278*5 

371-3 

278-5 

14351 

44805 

36323 

»* • * * 

— 

— 

232-1 

— 

— 

33763 

JJ ... 

— 

— 

185-7 

— 

— 

34599 

Ammonium sulphate and sucrose 

278-5 

371*3 

278-5 

12194 

39208 

33734 

Urea 

— 

37 i ‘3 

— 

— 

44018 

— 

Urea and sucrose 

— ■ 

37 i -3 

— 

— 

38929 


Calcium nitrate .... 

— 

371-3 

— 

— 

39201 

— 

Calcium nitrate and sucrose 

— 

371-3 

— 

— 

34627 

— 

Sucrose (4,540 gm./i,ooo sq. ft.) 

. — 


— 

S302 

22207 

23425 

Significant difference (F — 0-05) . 

— 

— 

— 

825 

4639 

SS 4 J 

In 193a the experiment was again 

modified, ammonium sulphate being 


added at three nitrogen rates, i.e. a78-5, 232-1, and 185-7 gm- nitrogen per 
1,000 sq.ft. These were compared with sucrose alone and with sucrose 
combined with ammonium sulphate at the rate of 278-5 gm. of nitrogen per 

3 T 
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1,000 sq. ft As in the two previous years, sucrose had no significant effect 
on the total yield of dry matter from seventeen weekly cuts, while the 
reduction found with the addition of sucrose to the ammonium sulphate 
was 7-1 per cent* and not significant. Ammonium sulphate at the rate of 
3*0 lb. (278*5 gm. N) per 1,000 sq. ft. gave a significantly greater yield 
than the 3*5 lb. rate (333*1 gm. N), but not greater than the 3*0 Ik rate 
(185*7 gm. N). Thus increasing the rate of nitrogen from 3*o Ik to 3*0 lb. 
per 1,000 sq. ft. led to no appreciable increase in yield. 

Comparing the yields for the three years, 1930-33, ammonium 
sulphate at the rate of 378*5-37i*3 gm. of nitrogen per 1,000 sq. ft gave 
increases over the control of 63, 74, and 59 per cent, respectively. Sucrose 
alone had no significant effect in any year. Sucrose with ammonium 
sulphate, when compared with ammonium sulphate alone, brought about 
decreases of 15^ 13-5, and 7 per cent, in the three years. In 1931 sucrose 
added to urea and calcium nitrate produced a similar depression. Finally 
in 1933 the reduction by a third of the amount of ammonium sulphate 
added did not lead to any appreciable decrease in yield. 

The failure in 1933 to increase the yield in proportion to the increased 
rate of application of ammonium sulphate, suggested that lack of available 
nitrogen in the soil was no longer the chief factor controlling growth. That 
other factors played an important part is suggested by the large variations 
in yield between consecutive cuts in all three years. The magnitude of 
these fluctuations is seen in Figs. 7 and 8, where the weekly yields over the 
1933 experimental period of .seventeen weeks have been plotted. Com- 
parison of the yield figures with the weekly rainfall, hours of sunshine, and 
mean soil temperature ^ at a depth of 4 in., suggested that hours of sun- 
shine alone showed a marked relationship. Correlation coefificients showed 
that for rainfall and weekly growth the value of * r ' was small and nega- 
tive, but that in the case of hours of sunshine and weekly yield, ‘ r ' for the 
control and for the highest ammonium sulphate rate was -1-0*1738 and 
+ 0*4313 respectively, the partial correlations with the elimination of rainfall 
being slightly greater, namely + 0*3 1 7 and + 0*4354. The higher correlation 
coefficient for the nitrogen-treated herbage suggested that sunshine was a 
more important growth factor under these conditions, and this is confirmed 
by the fact that the correlation coefficient between increase in growth over 
the control and hours of sunshine was +0*7053 (P>o*oj[). This high 
correlation indicates that the increase in growth due to the addition of 
nitrogen was largely dependent on sunshine, though it is difficult to say 
how far this effect is one of temperature or of illumination. 

In attempting to correlate hours of sunshine with the weekly yield of 
the treated plots, it must be borne in mind that a complication arises from 

^ These figures were obtained from the meteorological data of the Meteorological Office sub- 
station at Jealott^S' Hill. 
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Fig. 7. The influence of sucrose alone and in combination with ammonium sulphate on the 
production of dry matter from plots cut weekly. The figures in square brackets refer to the number 
of grams of nitrogen applied per 1,000 sq. ft. The applications were made at the beginning of the 
1st, 3rd, 5tb, &c., weekly periods. 



Fig. 8 . The influence of ammonium sulphate applied at varying rates on the production of 
dry matter from plots cut weekly. The figures in square brackets refer to the number of grams of 
nitrogen or sucrose applied per 1,000 sq. ft. The applications were made at the beginning of the 
3 St, 3rd, 5th, «&c., weekly periods. 
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the fact that the plots were cut weekly, whereas the fertilizers or sucrose 
were added fortnightly. As a result, there was a tendency in the case of 
the cuts taken a week after the application of ammonium sulphate for the 
yield to be higher than in the following week when no fertilizer had been 
applied. This is seen in Table IL 

Table IL 


Treatment. 


Control 

Ammonium sulphate 

J5 JJ 

V 19 

Ammonium suphate and 
sucrose 
Sucrose 


Rate of 

1st cut, 7 

Per cent. 

2nd cut, 14 

Per cent. 

application 

days after 

increase 

days after 

increase 

of nitrogen 

fertilizer 

over 

fertilizer 

over 

(gm. per 
1,000 sq. ft.) 

application. 

control. 

application. 

control. 

— . 

1394*0 

— 

135^*0 

— 

278.5 

2338-0 

67*6 

2048-0 

51*1 

232*1 

2184*0 

56-3 

1888-0 

39*3 

1857 

2298*0 

64-5 

1838*0 

37*0 

278*5 

2194-0 

57*2 

i886*o 

39*2 

— 

1464-0 

5-1 

1374*0 

1*3 


Table II also shows that the differences between the yields for the 
first and second weeks after each fertilizer application were most marked 
for ammonium sulphate plus sucrose, and for the two lighter applications 
of ammonium sulphate. Thus, the increases in yield for ammonium sulphate 
at iJ78*5 and 185*7 nitrogen per 1,000 sq. ft. were in the first weeks 
67*6 and 64-5 per cent, respectively, but in the second weeks 51*1 and 37*0 
per cent These figures suggest that the amount of nitrogen stored in the 
roots is not sufficient to maintain growth at a maximum during the second 
weeks. They also indicate that the nitrogen added must disappear rapidly 
from the soil or become unavailable, so that the effective concentration left 
by the second week is so low that the rate of absorption controls growth. 

In addition to the differences in yield in the first and second weeks 
the nitrogen contents of the herbage from the plots treated with ammonium 
sulphate also showed similar fluctuations. It is seen from Figs. 9 and 10 
that the nitrogen contents of the herbage from the three ammonium 
sulphate treatments showed very definite maxima in those cuts taken a 
week after the fertilizer was applied, but in the case of ammonium sulphate 
and sucrose the relationship was not so distinct. The increases in nitrogen 
content brought about by nitrogenous manuring were initially quite large, 
in spite of the already high nitrogen content of the herbage on the control. 
With time, however, the differences became less marked owing to the 
gradual fall in nitrogen content of the herbage from the treated plots and 
the gradual rise in nitrogen content of the control. This rise on the 
control, it is suggested, was due in some measure to the marked develop- 
ment of the clover (vide Fig. 5), which contains a higher nitrogen content 
than the grasses (Askew (1)). 
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Fig. 9. The influence of sucrose alone and in combination with ammonium sulphate on the 
nitrogen content of the produce from plots cut weekly. The figures in square brackets refer to the 
number of grams of nitrogen or sucrose applied per 1,000 sq. ft. The applications were made at 
the beginning of the 1st, 3rd, 5th, &c., weekly periods. 




988 Blackman. — Action of Ammoninm Salts on 

Uptake of nitrogen. From a knowledge of the yields of dry matter 
and of nitrogen content of the herbage it is possible to determine how much 
of the added nitrogen can be accounted for by uptake by the roots and 
translocation to the aerial organs. In order that data susceptible to 
statistical analysis might be available on this point the nitrogen content of 
the herbage from each plot for each cut was determined separately, involving 
In i93i~!2 some six himdred Kjeldahl determinations. The figures for the 
total amount of nitrogen removed in the herbage, the mean nitrogen 
content of the herbage, and the percentage of the added nitrogen so 
recovered are seen in Table III. 


Table III. 


Treatments. 


Rate of^ 
application of 
nitrogen 
(gm. per 
1,000 sq.ft.) 


Total amount 
of nitrogen 
removed in 
herbage 
(gm. per 
1,000 sq. ft.) 


Percentage 
recovery 
of added 
nitrogen. 


Mean 
nitrogen 
content of 
dry matter 
per cent. 


Control 

1931 

1932 

1931 

1096*6 

1932 

973-2 

Ammonium sulphate 

371-3 

278-5 

2238*9 

1690*4 

jy .ij 

— 

232-1 

— 

1544*4 

jy yy 

— 

185-7 

— 

1561-0 

Ammonium sulphate and 
sucrose 

371*3 

278-5 

1899-4 

1545*2 

Urea 

371-3 

— 

2224*4 

— 

Urea and sucrose 

371*3 

— 

1869*4 

— 

Calcium nitrate 

371*3 

— 

1875-3 

— 

Calcium nitrate and sucrose 

371*3 

— 

i6o6*6 


Sucrose 

— 

9C‘5*5 

983-8 

Significant difference (P = 0*05) 


— 

222-0 

123-0 


1931 

1932 

1931 

1933 

— 


4*27 

4*26 

43*0 

28*9 

5*01 

4*65 

— 

27-3 

— 

4*54 


35*1 

— , 

4*51 

30*3 

22-7 

4-85 

4-53 

42-8 

— 

5 *06 


29*6 

— 

4-8 1 

--- 

30*3 

— 

4*86 

— 

19*3 

— 

4-69 


— 

— 

4*10 

4*20 


In 1931 the amount of nitrogen removed in the herbage treated with 
urea or ammonium sulphate was more than double that of the control, and 
significantly greater than that removed from the plots dressed with calcium 
nitrate. Sucrose alone had no significant depressing effect on the nitrogen- 
uptake but added to the nitrogenous compounds it brought about signifi- 
cant reductions, the percentage decrease varying from 15 to 16 percent. 
In 193a sucrose again had no effect on the nitrogen uptake, but when 
added to ammonium sulphate it brought about a reduction of 9 per cent 
The application of ammonium sulphate at the highest rate led to a signifi- 
cantly greater nitrogen uptake than at the lower rates. 

The percentage recovery figures show that only a small proportion of 
the nitrogen given during the experiment is found in the cut herbage ; the 
greatest recovery in 1930 was 43 per cent., and in 1931, 35*1 per cent. 


^ There were seven applications in J931 and eight in 1932. 
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These figures do not, lioweverj take into account the amounts of the added 
nitrogen present in the roots of the treated turf at the time of the final cut. 

As it has been shown by Evans ( 4 ) that ammonium sulphate depresses 
rather than increases root growth it is unlikely that any of the added 
nitrogen present in the roots would have been utilized for new root forma® 
tion. It should therefore be stored in some readily available form, though 
for the reasons already given the amount can hardly be large. Further 
evidence against any considerable accumulation is the fact observed in 
193;^ that towards the end of the experimental period the differences 
between the nitrogen contents of the herbage cut a week and a fortnight 
after the fertilizer applications were more pronounced than earlier in the 
experiment. 

Neither at the end of the experimental period in 1931 nor in 193^ was 
any attempt made to determine the actual amount of nitrogen in the root. 
In previous attempts it has been found impossible to separate from the 
dense mat in the first two inches of soil the living from the dead roots. In 
addition, in order to obtain statistically accurate information a separate 
estimate of the roots in each plot would have been necessary, and this 
would have involved taking several hundred cores. 

Estimations in 1933 and earlier have shown that the amount of dead 
and living roots in the first three inches of soil varies between 40 and 65 
kilograms of dry matter per 1,000 sq. ft. These estimates were confined to 
the first three inches of soil, since by far the greater part of the roots are 
restricted to this layer under a system of constant cutting. The estimates 
are in agreement with the data of Sprague ( 20 ), who found that ip closely 
cut swards of Agrostis spp. the maximum development varied between 57 
and 1^7 kg. per 1,000 sq. ft, while SS-pS per cent, of the roots were found 
in the first three inches. He showed, in addition, that while ammonium 
sulphate alone increased root development ammonium sulphate plus ' light 
liming’ brought about a depression. In the present investigation there 
is little evidence that ammonium sulphate, with or without lime, had any 
effect on root growth. 

In 1933 a series of plots was dressed with twelve applications 

of ammonium sulphate, each at a rate of 464 gm. nitrogen per 1,000 sq. ft. 
At the end of this period, analysis of the dried root-material from the 
treated and control plots showed only o-% per cent, difference in nitrogen 
content. This small difference, in spite of the rate of application being 
more than double that used in 1931, was probably due to the large propor- 
tion of dead roots in the samples. 

From these data it would appear that at the end of the 193^^ experi- 
ment the added nitrogen stored in the treated roots could not, at an out- 
side estimate, be more than loo-is^oo gm. per 1,000 sq. ft, that is to say, only 
some 7—14 per cent of that added as ammonium sulphate. On such a 
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basis the total recovery of the added nitrogen by the sward in 1933 did not 
exceed 50 per cent, with any treatment. In 1931, when the cuts were 
made fortnightly, it is possible that as much as 60 per cent, of the nitrogen 
was removed by the plants. 

3. The Changes in the Am 7 noma and Nitrate-nitrogen Content 

of the Soil, 

In order to determine to what extent sucrose alone or in combination 
with the nitrogenous fertilizers depressed the ammonia- and nitrate-nitrogen 
content of the soil, determinations of these were carried out over a period 
of ten weeks in 1931. These estimations were made on the plots of the 
1931 experiment previously described, in which the plots were cut fort- 
nightly for yield determinations. The manudal treatments, seven in all^ 
consisted of ammonium sulphate, urea, calcium nitrate, and sucrose, to- 
gether with sucrose added to each nitrogenous compound. 

Experimental technique. The plots were sampled weekly, four and 
eleven days after each fortnightly application of the fertilizers, and eight 
and one day prior to each fortnightly cut. (In the case of the first of the 
five applications, the sampling was carried out a week after the initial 
application.) Each fertilizer dressing corresponded to 48-4 parts of 
nitrogen per million parts of dry soil in the top three inches. The method 
of soil sampling consisted in taking at random on each plot five small cores 
{% in. diameter) the length of each core being 3 in. A greater depth of 
sampling was considered unnecessary, since it was found, as already stated, 
that the percentage of the root below three inches is very small. In the 
laboratory the cores were passed through a i mm. sieve to remove the 
larger roots and small stones, and the ammonia and nitrate nitrogen deter- 
mined by Olson^s (10) methods. The time and labour involved did not 
allow of estimations being carried out for each plot separately, so the cores 
from the four replicates of each treatment were bulked. However, some 
indication of the sampling error is forthcoming from the determinations 
made on the plots destined for the eight treatments prior to the application 
of any fertilizers. For both ammonia and nitrate the variance was very 
small, the mean contents being and 3*16 + 0'^^^^ parts per million 

of ammonia and nitrate nitrogen respectively, or, expressing the standard 
errors as percentages, 2-24 and 67. Further indications that the method 
of sampling was satisfactory are seen in Fig. 11, where the fluctuations in 
ammonia nitrogen on the plots receiving sucrose are seen to follow the 
control changes very closely. 

Changes in ammonia and nitrate nitrogen. The data for the weekly 
determinations of ammonia and nitrate nitrogen are shown graphically in 
Figs. II, 12, and 13. In addition, the rainfall for each' seven-day period 
has been included. 
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In Fig. II it is seen that sucrose alone has not brought about a marked 
depression, relative to the control, in either the ammonia or nitrate content 
of the soil, Initially the addition of either ammonium sulphate alone or 
together with sucrose had little effect. After the fourth week, i.e. following 



Fig. II. The effect of various treatments on the ammonia and nitrate-nitrogen concentrations 
in the soil. The applications were made at fortnightly intervals four days prior to the determinations 
made at the end of the ist, 3rd, 5th, (See., week. Each nitrogenous dressing was equal to the 
addition of 48*4 parts per million of nitrogen in the top 3 in. of air dry soil. The rainfall over the 
weekly periods is also shown. 

upon the third fertilizer application, there was an increase in the contents 
of both ammonia and nitrate nitrogen. The addition of sucrose, combined 
with ammonium sulphate, led to a smaller increase over the control in both 
forms of nitrogen. Subsequent to the third and later applications both 
ammonium sulphate treatments show marked peaks in the ammonia con- 
centration in the samples taken four days after the application. 

The changes with the urea treatments do not show such definite 
differences from the control as with the ammonium sulphate treatments. 
Urea alone (vide Fig. 1^2^) brought about only small increases In the 
ammonia and nitrate concentrations, which did not become appreciably 
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greater with successive fertilizer applications. The increases in ammonia 
and nitrate as a result of the addition of urea and sucrose togethei'j cannot 
be considered significantly different from the control. 

The application of calcium nitrate alone raised the soil nitrate concen” 



Fig. 12. The effect of various treatments on the ammonia- and nitrate-nitrogen concentrations 
in the soil. The applications were made at fortnightly intervals four days prior to the determinations 
made at the end of the ist, 3rd, 5th, &c , week. Each nitrogenous dressing was equal to the addition 
of 48-4 parts per million of nitrogen in the top 3 in. of air dry soil. The rainfall over the weekly 
periods is also shown, 

tration by a surprisingly small amount (Fig. 13). Until the eighth week 
the differences from the control were never more than p.p.m., but in the 
ninth week there was a sudden increase followed by an equally rapid fall 
in the next week. The addition of sucrose again depressed the nitrate 
level ; the concentrations, except in the fifth and sixth weeks, were the 
same as the control. Manuring with either calcium nitrate alone or 
combined with sucrose had little effect on the ammonia nitrogen content. 

The very heavy rainfall, particularly in the seventh week (3*41 in.), 
probably caused a considerable amount of nitrate nitrogen to be leached 
from the surface layers. On the other hand, the high rate both of evapora- 
tion and transpiration during July and August would again draw up some 
of this nitrogen into the top three inches. It might be suggested that the 
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low nitrate level on the calcium nitrate treated plots was entirely due to 
leaching, but this suggestion is not in agreement with the fluctuations in 



Fig. 13. The effect of various treatments on the ammonia- and nitrate-nitrogen concentrations 
in the soil. The applications were made at fortnightly intervals four days prior to the determinations 
made at the end of the 1st, 3rd, 5th, &c., week. Each nitrogenous dressing was equal to the 
addition of 48*4 parts per million of nitrogen in the top 3 in, of air dry soil. The rainfall over the 
weekly periods is also shown. 

the nitrate content of the ammonium sulphate treated areas, which show 
little association with rainfall 

It has been shown that less nitrogen was removed in the cut herbage 
from the plots receiving calcium nitrate than from those receiving ammonium 
sulphate (vide Table III), It might therefore be expected that there would 
be a higher concentration of inorganic nitrogen in the soil treated with 
calcium nitrate, but this is not the case. A comparison of the ammonia 
and nitrate fluctuations with the uptake of nitrogen in the first of the five 
cuts (vide Table IV) suggests that these niti*ate losses cannot all be ascribed 
either to leaching or uptake by the plant. At the time of the first cut 
twice as much nitrogen was removed in the herbage treated with ammonium 
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sulphate as in that treated with calcium nitrate. Yet in a period when the 
rainfall was negligible the increases in the ammonia and nitrate contents of 
the soilj brought about by the two treatments, in spite of this difference in 
uptake by the plants, were of the same order, namely 13*3 p.p.m. of nitrogen 
for ammonium sulphate and 15*3 p.p.m. for calcium nitrate. 

Table IV. 

Recovery of Added Nitrogen in Fortnightly Cuts, 

(gm. per 1,000 sq. ft.) 


Treatment. ist, 2nd. 3rd. 4th. Sth cut. 

(NH4)2S04 88-1 II8-I 2297 1797 1747 

(NH4)2S04+ Sucrose . . 42*8 93-6 153*3 144*4 

Ca(NOs)2 39*7 128*9 ^31'^ ^34*7 ^[37*7 

Ca(N03)2 + Sucrose . . 55*0 6o*o iii*2 86*9 33*6 


A week prior to each cut nitrogen was added at the rate of 371*3 gm. per 1,000 sq. ft. 


In Fig. II it is seen that not until after the third application of 
ammonium sulphate did the ammonia and nitrate concentrations rise 
appreciably above the control. On the other hand, the nitrogen removed 
in the third cut (vide Table IV) was equal to the nitrogen removed in both 
the first and second cuts, and it would therefore be expected that in the 
third cut the ammonia and nitrate concentrations would be lower, not 
higher, than in the previous weeks. This anomalous result can hardly be 
attributed to leaching losses, since the rainfall in the week following the 
third application was just as great as in the week following the second 
application. 

In relating the nitrogen removed in the cuts to the soil inorganic 
nitrogen, the assumption has been made that the nitrogen removed in the 
herbage is proportional to the total uptake of nitrogen by the plant. No 
objection to this assumption can be raised when comparing the amounts of 
nitrogen removed in the initial cut, since otherwise it is necessary to assume 
that there are marked differences in the partition of the nitrogen between 
the root and aerial tissue with the two nitrogenous fertilizers. In the case 
of the ammonium sulphate treatment, where the nitrogen in the third cut 
is related to the nitrogen in the first and second cuts, it is possible that 
there might initially be an accumulation of nitrogen in the roots resulting 
ill a period of delay before it appeared in the shoot. The evidence of the 
193a experiment, however, indicates that the storage of nitrogen in the 
roots is small and there is little evidence of any lag period. 

4. Changes in Soil Reaction, 

It has been demonstrated previously ( 2 , 3 ) that repeated application 
of ammonium sulphate may bring about considerable increases in the 
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acidity of the soil and that these increases vary with soil depth. In all 
the piesent studicSj samples were taken for determination of the hydrog'en- 
ioii coiicentiatioii at the beginning and end of each experiment. It was 
found in 193^ that under the experimental conditions the ammonium 



sulphate led to very marked changes in soil reaction. In 1931 and 1933, 
in order to counteract this acidification some days after each ammonium 
sulphate application, calcium carbonate was added at the rate of 85 gm. 
for every 100 gm. of ammonium sulphate. 

Experimental techniqne. The method of soil sampling has been 
described in an earlier paper (2). Cores to a depth of 3 in. are obtained 
by driving in small cylindrical tins. The cores can be easily cut into six 
transverse half-inch sections. The pH determinations, some six hundred 
in all, were carried out by the quinhydrone method, using gold electrodes. 

U))o experiment In Fig. 14 the differences in pH values between the 
treated soils and the control have been plotted for the ammonium sulphate, 
urea, and sodium nitrate treatments. The results have been expressed in 
this way since there was a decrease in pH on the control between the 
beginning and end of the experiment The data show that there was a 
large increase in acidity where ammonium sulphate was added, and that 
the greatest acidification took place in the second half-inch. Sodium 
nitrate, on the other hand, tended to increase the pH of the originally 
slightly acid soil. Urea also produced less acid soil conditions. 

igji -2 experiments. The effect of adding calcium carbonate with the 
ammonium sulphate is shown in Fig. 15, where the data have been plotted 
in the same way as in Fig. 14* In 1931, the addition of calcium carbonate 
prevented the hydrogen-ion concentration increasing appreciably, but in 
1933 some acidification still took place. In both 1931 and 1933, calcium 
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nitrate appeared to have a slight acidifying action in the soil Urea also 
led to a fall in pH, this result being in conflict with the findings of 1930 
and previous evidence (3), but in agreement with the investigations of 
Pierre ( 11 ). 



Discussion. 

The evidence drawn from the botanical changes which result from the 
application of nitrogenous compounds with or without the addition of 
sucrose support the view that the greater reduction of clover (71 repens) 
brought about by ammonium compounds as compared with nitrate salts is 
due to a toxic action of the ammonium ions. In this view the ions on 
absorption either combine with the carbohydrates to such an extent as to 
deplete the reserves, or with lowered reserves the ions reach a concentration 
injurious to the plant; it is likely that both effects occur. On such a 
hypothesis the addition of sucrose with the ammonium sulphate should 
reduce both these effects and so diminish the reduction of the clover ; this 
is the result observed. Sucrose alone had no effect, and sucrose added to 
either calcium or sodium nitrate had little effect on their action ; such 
results would also be expected on the hypothesis. 

In view of the fact that the Leguminoseae do not in general respond 
to nitrogenous manuring, cf. Williams (2 1),^ it might be argued— on the 

^ The response of 71 repens to nitrogenous compounds is being investigated in pot culture. 
Preliminary results on the whole confirm the work of Williams. 
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basis of the data from plots cut frequently i n 1931— that the greater reduc- 
tion of clover produced by ammonium sulphate was due to a greater 
stimulation of the grasses by ammonium sulphate than by calcium nitrate. 
On the same assumption it might be put forward that the addition of 
sucrose would reduce, through the action of the microflora, the availability 
to the grasses of the added nitrogen, and thus lessen the intensity of com- 
petition between the grasses and the clover. There are, however, a number 
of findings which are not in agreement with this suggestion. In the first 
place the addition of sucrose to each nitrogenous compound brought about 
a small reduction in yield which was of the same order in each case. 
Therefore in 1930 and 193^^ when sodium and calcium nitrate diminished 
the clover content to some extent it would be expected that the addition 
of sucrose would lead, as in the case with ammonium sulphate, to a smaller 
reduction in the clover content ; this, however, was not the result in either 
year. A further objection to the ‘ crowding out ' hypothesis is the result 
of 1931 when calcium nitrate applied at the double rate (457 gm. nitrogen 
per 1,000 sq. ft.) was less effective in reducing the clover than ammonium 
sulphate at the single rate. Finally, in 1932, it has been shown that 
ammonium sulphate applied at the rates of 187-5 and 232-1 gm. of nitrogen 
per 1,000 sq. ft. led to a greater reduction in the clover content than sucrose 
and ammonium sulphate (278-5 gm. nitrogen per 1,000 sq, ft.) despite the 
increases in yield over the control being of the same order. 

In the face of these objections it would seem untenable to maintain 
that sucrose added to ammonium sulphate lowers the reduction of clover 
by decreasing the competitive power of the grasses. As has been pointed 
out previously, it must be borne in mind in any interpretation of the yield- 
data that the experiments were not conducted on a pure grass sward but 
on turf containing small quantities of clover, with the result that with 
different treatments there were differences in the botanical changes. The 
presence of clover in such small proportions does not, however, appear to 
affect the conclusions, for in spite of seasonal differences in the botanical 
changes the yield results show a very marked agreement for the three 
years. In addition, the closeness in the correlation between the weekly 
fluctuations in yield, irrespective of treatment, suggests that factors other 
than differences in the botanical changes were largely controlling growth. 

The experiments have shown that by adding sucrose with the nitro- 
genous fertilizers not only has the yield been depressed in each case, but 
also the nitrogen content of the herbage has been reduced, indicating that 
less nitrogen was absorbed from the soil. The periodic determinations of 
ammonia- and nitrate-nitrogen content of the soil indicate that these re- 
ductions have been brought about by sucrose decreasing both the concen- 
trations of ammonia and of nitrate-nitrogen. In the case of the ammonium 
sulphate treatment, the ratio of the ammonia to nitrate nitrogen in the soil 
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has been altered, so that the nitrate level has been decreased more than 
the ammonia level, while with calcium nitrate the nitrate level alone has 
been diminished. It would therefore be expected that by depressing the 
nitrate level to a greater extent, the addition of sucrose with ammonium 
sulphate would lead to a greater proportion of ammoniacal nitrogen being 
absorbed by the roots. 

As clover does not respond to nitrogenous manuring any nitrogen 
compounds absorbed by the roots should accumulate in the tissues and not 
be utilized for fresh tissue formation, as in the case of the grasses. Thus 
any marked absorption of ammonium ions by clover must lead to a greater 
call on the reserve sugars than in the case "of the grasses. The experiments 
have shown that the increases in nitrogen content of the cut herbage as the 
result of manuring have been large. Though the increases in nitrogen 
content of the clover and grasses were not determined separately, it would 
seem probable, on a priori grounds, that although the amounts absorbed 
might be different, the uptake of nitrogen by the grasses and clover would 
be influenced in the same direction by the same conditions. A.skew (1), 
comparing the chemical composition of Loliuni perenne and T. repens in a 
sward never allowed to exceed in. in height, found that samples 
analysed three weeks after the application of ammonium sulphate (ia39*3 gm. 
nitrogen per 1,000 sq. ft.) showed on an average an increase in nitrogen 
content of 7-8 per cent, in the case of T. repens and per cent, in the 
case of L, perenne. An experiment at Jealott’s Hill carried out in the 
winter of 193^^ on a pure clover sward under temperature conditions which 
inhibited both growth and nitrification in the soil, showed that within 
a week of applying ammonium sulphate (646 gm. nitrogen per 1,000 sq. ft.), 
the nitrogen content of the clover had been increased significantly by 
7-3 per cent. 

Reviewing the evidence so far brought forward, it is seen that the 
slower rate of reduction in the clover content following upon the addi- 
tion of sucrose with ammonium sulphate, cannot be explained satis- 
factorily merely by differences in the degree of competition between the 
grasses and the clover. The botanical changes are in agreement with the 
hypothesis that the diminution of clover is primarily connected with 
ammonium-ion poisoning as a result of a low carbohydrate reserve. The 
lack of response to nitrogenous manuring also indicates that carbohydrate 
rather than nitrogen is limiting growth. Sucrose can diminish the toxic 
effect of ammonium sulphate either, indirectly, after absorption by the roots 
of the clover, or by, directly, reducing the uptake of ammonium ions. It has 
been shown that the addition of sucrose together with ammonium sulphate 
leads to a reduction in the nitrogen content of the herbage and to a smaller 
absorption of nitrogen from the soil In 1932, dressings of ammonium 
sulphate alone and of ammonium sulphate and sucrose, which gave yields 
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and nitrogen contents of the same order, produced different botanical 
changes. These differences suggest that sucrose was absorbed by the 
clover; but the evidence for this is not conclusive, since, although the 
nitrogen contents of the mixed herbage were the same in the two cases, 
both the proportions and the nitrogen contents of clover and the grasses 
may have been different with the two treatments. Lack of proof that 
sucrose is absorbed direct does not, however, invalidate the hypothesis put 
forward, since sucrose can also act by reducing the amount of ammonium 
ions taken up from the soil. 

In addition to the main results of the experiment a comparison of the 
ammonia and nitrate fluctuations in the soil with the uptake of nitrogen by 
the turf has indicated that the added nitrogen has disappeared from the 
available (nitrate and ammonia) nitrogen of the soil to an extent which 
cannot be accounted for either by leaching or by uptake by the plant. 

It seems highly probable that under grass, where the organic matter 
content is high, the growth of the soil microfiora is controlled by lack of 
available nitrogenous material. It would seem likely, therefore, that the 
disappearance of the added nitrogen is due to assimilation by the micro- 
flora* Such a conclusion is in agreement with the disappearance of the 
nitrate nitrogen after the fir.st calcium nitrate dressing. It might, however, 
be expected that the nitrogen thus assimilated would eventually be broken 
down again to an organic form. It is possible that the sudden marked 
increases in the ammonia and nitrate concentration (vide Figs, ii and 13) 
were due to the release of nitrogen due to the death and decay of some 
portion of the microflora. Investigations (to be published elsewhere) 
carried out previously have indicated that this absorption and release of 
nitrogen may account in part for some of the losses of added nitrogen. 
That free nitrogen may be released either from the plant or from the soil 
is, however, also possible. 


Summary. 

In a further study of the effect of nitrogenous compounds on the 
botanical composition of closely cut turf, additional evidence is presented 
to show that the reduction of the clover {Trifolium repens) brought about 
by ammonium sulphate is due to a toxic action of the absorbed ammonium 
ions. 

By experiments during the years 1930-^3^ it has been demonstrated 
that weekly or fortnightly applications of ammonium sulphate at the rate 
of gm. nitrogen per i,oco sq. ft* (3lb.(NHj2S04/i,ooosq. ft.) led to a 
greater reduction in the content of T. repens than applications of sodium 
nitrate, calcium nitrate or urea, given at equivalent nitrogen rates* 
Ammonium nitrate in X931 was intermediate in its effect between 
ammonium sulphate and calcium nitrate. In applications of ammonium 

3 ^ 
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sulphate at two-thirds the standard rate still brought about a reduction of 
the clover. 

Adding sucrose (4.540 gm. (10 lb,) per 1,000 sq, ft.) with each appli- 
cation of ammonium sulphate reduced the content of clover at a slower 
rate than did ammonium sulphate alone. Sucrose applied alone had no 
effect ; sucrose added to either calcium or sodium nitrate had little effect 
on their action. If the reduction of the clover is due to a toxic action of 
the ammonium ion one would expect the addition of sucrose to ammonium 
sulphate to slow the rate of diminution, for the absorption of sucrose with 
the ammonium ions should lower the drain on the carbohydrate reserves 
resulting from the formation of amide compounds. 

The view might be advanced that as sucrose is a readily available 
source of carbon its application leads to a large increase in the soil micro- 
flora which would thus absorb a considerable proportion of the added 
nitrogen. In consequence of the decreased availability of the nitrogen the 
intensity of competition between the grasses and the clover would be 
diminished. Experiments, however, on frequently cut plots showed that 
sucrose alone had little effect on the growth of the turf. Sucrose added to 
either ammonium sulphate, urea, or calcium nitrate brought about only a 
small reduction in the growth resulting from the nitrogenous manure alone. 

The data from these experiments appear to rule out the possibility 
that the effect of sucrose is to decrease the intensity of competition. If 
such were its effect the addition of sucrose should bring about similar 
botanical changes whatever the nitrogenous fertilizer used, since the depres- 
sion in growth was of the same order in each case. The botanical changes 
do not, however, show such an agreement. 

In addition to investigating the botanical changes the uptake of 
nitrogen by the sward was also studied. Measurement of both the amount 
of nitrogen removed in the herbage and of the ammonia- and nitrate- 
nitrogen content of the soil showed that the whole of the added nitrogen 
could not be accounted by that in the plant or in the soil solution. From 
a study both of the fluctuations in the yield of weekly-cut plots and the 
weekly changes in the inorganic nitrogen content of the soil, it appears that 
much of the nitrogen added to turf is immediately absorbed by soil micro- 
organisms; subsequently, some of this nitrogen may again be released and 
become available to the plant. 

The author wishes to thank Mr. H. J. Page and Sir Frederick Keeble 
for their help and criticisms, and Imperial Chemical Industries Limited for 
permission to publish this paper. He is also indebted to Miss K. Hallet 
and Mr, P. V. Cazalet for their, assistance in the field, and to Mr. W. J. S. 
Hodges for the ammonia- and nitrate-nitrogen estimations of the soil 
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Introduction. 

T HE^ synthesis of asymmetric compounds showing optical activity from 
optically inactive substances has always been a problem of interest 
to the chemist, but repeated attempts to effect a direct asymmetric 
synthesis by means of physically asymmetric influences have not so far met 
with success. There has been a large amount of work on the influence of 
circularly-polarized radiations on chemical reactions and a good review of 
the work done is given by Dhar (5). 

The effect of plane-polarized radiation on biological processes has been 
a subject of investigation and the work done by various workers has already 
been reviewed by Dastur and Asana (2). 

Sunlight near the sea surface is plane, elliptically, and circularly- 
polarized due to reflection and refraction at the sea surface. It is also 
believed that the synthesis of asymmetrical compounds first occurred in 
the vegetable organisms living in water. The synthesis of asymmetric 
compounds in plants occurs by the process of photosynthesis, therefore 
a study of the efifect of plane- polarized light on the formation of carbo- 
hydrates in leaves of land-plants was undertaken by Dastur and Asana (2), 
but the results were negative. It was considered of interest to extend the 
work, and study the effect of elliptically-polarized radiations on the process 
of photosynthesis, since the effect of elliptically-polarized light on biological 
phenomena has not hitherto been a subject of investigation. 

J'rom a physical point of view, plane, elliptical and circuiarly-polarized 
[Anttals of Botany, Yol, XLVIIL No. CXCU. October, 19344 
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states of light, could be taken as modifications of one particular state- 
elliptical polarization. The latter is the more general, and the circular state 
is only a particular condition of the elliptical one, where the two axes of 
the ellipse happen to be equal. Similarly, plane polarization is also a 
condition of the elliptical state when one of the axes of the ellipse is reduced 
to ao infinitely small length and consequently the light practically vibrates 
in one plane. The plane-polarized light could thus be taken as elliptically- 
polarized light with an infinitely eccentric ellipse. So, the elliptical state 
of polarization seems to be the most general and important, and it is there- 
fore of interest to study the effect of this on the formation of carbohydrates 
in leaves. 


Investigation. 

Method of Obtaining a Beam of Ellipticallyfolarizsd Light, 

The chief difficulty was found in devising a suitable apparatus to 
obtain a sufficiently large and intense beam of elliptically-polarized light. 
For physical experiments the elliptically and circularly-polarized lights are 
obtained by means of quarter-wave plates, but the elliptically-polarized 
light obtained by means of such plates did not serve our purpose, as only 
monochromatic light could be used, and it is well known that monochromatic 
light is not suitable for normal photosynthesis. Also the quarter- wave 
plates on the market are generally cut to suit a particular wave-length, 
generally the sodium light, and therefore were of no value for this investi- 
gation, There are other methods of obtaining elliptically-polarized light, 
such as the method of double reflection or refraction through a doubly- 
refracting crystal, but they are more or less of theoretical interest. The 
following method was employed to obtain a broad and intense beam of 
elliptically-polarized light, and a special apparatus was devised for the 
purpose. 

Normal light when reflected from a glass surface at the Brewsteriaii 
angle of about undergoes plane polarization. If such a reflected plane- 
polarized beam is again reflected by a metal mirror the emergent beam is 
elliptically polarized (R. Wood (6)), as all metallic surfaces are doubly 
refracting. In the case of silver the ellipticity obtained, almost approaches 
a circle. 

The difficulty experienced by Dastur and Asana (2), in obtaining 
a beam of sufficient intensity was met here also. Reflections from the 
glass surface and the metal mirror involve a large loss of light. It is there- 
fore very necessary to start with a powerful source so as to obtain a beam 
of the high intensity required for the experiments. 

The same flood-light lamp used in the experiments of Dastur and 
Asana (2) was utilized as the source of light* It was placed slightly inclined 
to the horizontal so that its beam was incident on a pile of glass plates at an 
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angle of 57°- The glass plates were held in a wooden frame which could 
be rotated about a horizontal axis. The reflection becomes more and more 
efficient as the number of plates is increased and incidentally., the amount 



Fig. I. A diagrammatic sketch of the apparatus for obtaining a beam of elliptically-polarized light. 

of polarization also increases. In these experiments a pile of twenty-three 
glass plates was used giving about 90 per cent, of reflected plane-polar- 
ized radiation. The plane-polarized light was then reflected from a metallic 
surface. A metal mirror, to be described later, was placed in a suitable 
position In the path of the plane-polarized beam and the reflected beam 
from the metal mirror was elliptically polarized. The lamp, the pile of 
twenty-three glass plates and the metal mirror, were so arranged that a 
downward directed vertical beam of elliptically-polarized light was obtained 

(Fig. 1). ' , 

The task of selection of a metal mirror which would serve the purpose 
was difficult. Ready-made mirrors of sufficiently large size, are not avail- 
able and the cost of their special manufacture is prohibitive. For a suffi- 
ciently broad beam a mirror of at least 24 in. x 24 in. was needed. It was 
therefore decided to use a highly polished metallic surface plated with 
silver and to .determine if it would give elliptically-polarized light. A small 
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piece of copper plate, used for copper-plate printing, was electroplated with 
a thick coating of silver and the silver surface specially polished. This 
plate was then tested by means of a Babinet's compensator and it was 
found that it gave elliptical polarization of the plane-polarized light incident 
upon it. A highly polished copper plate of dimensions H in. x 124 in. was 
then similarly electroplated with a thick coating of silver and was specially 
polished. Before electroplating the copper plate was tested for uniformity 
of planeness. The silvered copper plate was then framed and was held by 
means of clamps in the proper position for obtaining elliptically- polarized 
light. For efficient working it is necessary that dust particles should not 
be allowed to settle on it and it should not be touched by hand. It should 
be kept covered by tissue paper and should be protected from fumes and 
gases. The vicinity of a chemical laboratory greatly interferes with the 
efficiency of the surface as all kinds of gases react with the metal and dull 
the surface. It was found necessary to replate the copper plate once 
during the progress of the work. The plate was always kept covered with 
a dark cloth when not in use. The heat rays were cut off by means of a 
water cooler (Fig. d) with constantly circulating water which was placed 
between the lamp and the pile of glass plates held in the wooden frame. 
The water had to be circulated very rapidly in order to avoid the possi- 
bility of heat rays interfering with the intensity measurements. 

It was also necessary to make control experiments with non-polarized 
light of the same intensity to study the differences in the carbohydrate 
contents of the leaves, exposed to elliptically-polarized light. For control 
experiments a 1,500 watt Phillips gas-filled lamp with an ordinary disc 
reflector was used. 

The important factor in these experiments is the intensity of the light 
incident on the plants. The total intensity in the control experiments 
must be equal to the total intensity of the elliptically-polarized light. In 
all the experiments the total intensities were made equal by means of a 
micro-thermopile in conjunction with a D^Arsonval galvanometer. The 
total intensities of light used in each set of experiments were determined in 
terms of galvanometric deflexions and they are given in the tables of the 
results of carbohydrate analysis. The galvanometric deflexion varied from 
13-5 cm. to cm. in different sets of experiments but for the same set 
of experiments with polarized and normal light it was always the same. 


Constants of Fxliptical Polarization. 

An accurate determination of these constants was carried out by means 
of the Babinet's compensator. The following procedure was adopted. 

Before using the compensator, the readings of the micrometer screw 
were evaluated in termS'Of the wave-length of the light in question, in this 
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case it was heterogeneous light. This is done by allowing plane-polarized 
light to enter the instrument so that the plane of polarization makes an 
angle of approximately 45^^ with the axes of the two wedges. In this 



Fig. 2. 


C W^TER COOLER 

A diagrammatic sketch of the apparatus for obtaining a normal beam of light. 


position the fringes produced are most distinct The moveable wedge 

is then adjusted with the micrometer screw until one of the fringes is 
on the cross-wire and the reading on the micrometer screw is Aen noted. 
The screw is then turned until the next band is on the cross-wire and the 
reading again noted. The difference corresponds to a phase difference of 
one wave-length. In this experiment this corresponds to ib = 1-937 
After this the instrument is so adjusted that with plane-polarized light the 
central dark band corresponded with the cross-wire in the instrument. 
Elliptically-polarized light is then substituted and a shift in the position of 
the dark line is observed. At this band, the difference existing between the 
component vibrations has been neutralized by that introduced by the 
elliptical polarizer. This phase difference is consequently determined by 
turning the micrometer screw till the central dark band is brought un er 
the wire. If the displacement be X we have, 

a-^_X . X 

b 

In our experiment, X = 0*51 mras. 


= -r or, a- 


■/3 


0-51 

'^o-q68 


; 0-53 w 


; Phase difference. 
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The ratio of the axes could not be accurately determined as the 
fringes became very faint on turning the compensator. It was therefore 
omitted. The phase difference, however, was enough to show that the light 
was elliptically polarized. 

An attempt was first made to study the formation of starch in starved 
leaves of potted plants under the elliptically polarized and normal lights of 
equal intensities, but the amount of starch formed as revealed by the 
iodine test was insignificant after even twelve hours’ exposure. It was 
therefore necessary to determine quantitatively the different carbohydrates 
produced in leaves exposed to the two lights. 

The method of extracting the carbohydrates from leaves worked out 
by Davis, Daish, and Sawyer (4) was adopted in the main in this investiga- 
tion. The method used for estimating the sugars and starches was the 
revised method of Calvert (1 and 2) improved by Dastur and Saniant (3). 

The following plants were employed : 

(i) Nicotiana Tabacum, ( 2 ) Tropaeohmi majtis^ (3) Raphanus 
sativus. (4) Allium Cepa, 

The precautions mentioned above were taken in the selection of plants 
for experimentation. About twelve plants were needed for each set of 
experiments. The plants were kept in the dark for about thirty-six to forty- 
eight hours. The leaves and petioles of four plants were taken directl)^ for 
carbohydrate analysis and four plants were exposed to non-polarized light 
and the remaining four to the polarized beam of light. After six hours of 
exposure, the leaves and petioles of the exposed plants were analysed 
separately, according to the method described above. All the weights are 
given on the basis of fresh weight and the results of the carbohydrate 
analysis are expressed as percentages of the fresh weightKS of the leaves. 
The following tables give the results. 

In Table I the results of the carbohydrate contents of the leaves of 
Nicotiana Tabacum^ exposed to two lights and of the leaves from the dark 
are given. Similarly the Tables II to IV give the results of the carbo- 
hydrate contents of the leaves of Tropaeolum majus^ of Raphanus sativus^ 
and of Allium Cepa respectively. 

In all, fourteen sets of experiments with four different species were 
performed and the number of carbohydrate analyses of leaves was 
forty-two. 

A study of the results shows that the carbohydrate contents of the 
leaves exposed to elliptically-polarized light, are less than the carbohydrate 
contents of the leaves exposed to npn-polarized light of equal intensity. 
Only in one instance is the carbohydrate content of the leaves oiN. Tabacum 
(Table I, Experiment No. 2 ) exposed to polarized light higher than that 
of the leaves of the same species exposed to normal light. 

Before any conclusions are drawn it is necessary to determine whether 
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Table L 

The Carbohydrate Content {gm. per 100 gm. Fresh Weight) of the Leaves of 
Plants Exposed to Elliptically Polarized and Normal Lights. 

Nicotiana Tabactim. 


(i) 13. 1. 33-14. 1. 33. 

Total intensity = 17 cm. deflexion. 



Reducing 
sugars as 
hexoses. 

Sucrose as Starch as 

hexoses. hexoses. 

Total 

carbohydrates 
as hexoses. 

N on-polarized 

Nil 

0*0844 

0*0094 

0*0938 

E. polarized 

Nil 

0*0477 

0*01 1 1 

0*0588 



(2) 12. 1. 33-13. 1. 33. 
Total intensity =17*5 cm. 



Non-polarized 

Nil 

0*0296 

0*0025 

0*0321 

E, polarized 

Nil 

0*0507 

0*0024 

0*0531 



(3) 16. 3. 33-17. 3. 33. 

Total intensity = 19*5 cm. 



Non-polarized 

Nil 

0*0646 

Nil 

0*0646 

E. polarized 

Nil 

0*0481 

Nil 

0*0481 



(4) 3 - 4 - 33-4- 4 - 33 - 
Total intensity = 19*5 cm. 



Non-polarized 

Nil 

0*0158 

0*0027 

0*0185 

E» polarized 

Nil 

0*0122 

0*0025 

0*0147 



Table IL 





Tropaeolum niajus. 

(1) 21. 2. 33-22. 2. 32. 





Total intensity == 19*5 cm. 




Sfcf-irc nf Sucrore as Stai'ch as 

hfxoses 

Total 

carbohydrates 
as hexoses 


in gm. 

gm. 

gm. 

in gm. 

Non-polarized 

Negligible 0*0486 

0*0050 

0*0536 

E. polarized 


0-0250 

0*0030 

0*0280 



(3) 1. 3. 33-2. 3. 33. 





Total intensity = 22*5 cm. 


Non-polarized 

0*0190 

0*5710 Negligible 

0*5900 

E. polarized 

0*0140 

0-4027 

n 

0*4167 



(3) lo- 3- 33-H- 3- 33- 

Total intensity = 21 cm. 



Non-polarized 

^ Nil 

0*1583 

0*0063 

'''"'’'0*1646- 

E. polarized 

Nil 

0*1095 

0*0078 
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Non-polarized 
E, polarized 


N on-polarized 
B. polarized 


N on-polarized 
E. polarized 


Non-polarized 
E* polarized 


Non-polarized 
E. polarized 


Non-polarized 
E. polarized 


Non-polarized 
E. polarized 


Table III. 



Raphamis satzvus. 

(i) 26. 9. 32-27. 9. 32. 




Total intensity = 13 cm. 



Reducing 
sugars as 
hexoses 

Sucrose as 
hexoses in 

Starch as 
hexoses 

Total 

carbohydrates 
as hexoses 

in gm. 

gm. 

in gm. 

in gm. 

0*0166 

0*0711 

0*0114 

0-0991 

Nil 

0*0698 

0*0145 

0*0843 


(2) I. 10. 32-2. 10. 32. 
Total intensity — 14*5 cm. 



Nil 

0*0441 

0.0072 

0*0513 

Nil 

0.0242 

0*0049 

0*0291 


(3) 12. 10. 32-13. 10. 32. 
Total intensity = 13-5 cm, 



Nil 

0-0234 

0*0103 

0*0337 

Nil 

Negligible 

o*oo8o 

o*oo8o 


Table IV. 


Allium Cepa* 


(i) 8. 2. 33-9. 2. 33. 

Total intensity = 17*5 cm. 


Reducing 
sugars as 
hexoses 
in gm. 

Nil 

0*0050 


Sucrose as 
hexoses in 
gm. 

0*0292 

0*0257 


(2) 25. 3. 33-26. 3. 33. 

Total intensity =18*5 cm. 


0*0175 0*1205 

0*0228 0*0767 


(3) 8. 4- 33-9- 4- 33- 

Total intensity = 19*5 cm. 

Nil 0*0657 

Nil 0*0265 


(4) 13- 4- 33-14- 4- 33- 

Total intensity = 19*5 cm. 

0*0087 0*0480 

Nil 0*0500 


Total 

carbohydrates 
as hexoses 
in gm. 

0*0292 

0*0307 


0*1380 

0*0995 


0*0657 

0*0265 


0*0567 

0*0500 
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the differences in the carbohydrate contents of the leaves exposed to non- 
polarized and elliptically-polarized light are significant. The results were 
tested by Fischer's method of ‘ t h In these fourteen experiments the value 
of P was found to be 0-03. The differences between the carbohydrate 
contents of the leaves exposed to normal and elliptically-polarized lights 
are therefore significant. 


Conclusions. 

This investigation clearly shows that the elliptically-polarized light 
has no accelerating influence on the formation of carbohydrates in leaves. 
On the contrary the elliptically-polarized light unlike the plane-polarized 
(see Dastur and Asana ( 3 )) has a depressing effect on the process, as, 
the values of carbohydrate contents of the leaves are definitely lower than 
those of the leaves exposed to normal light. It is difficult in the present 
state of knowledge to assign any reason for the lower values of the carbo- 
hydrate contents of the leaves in elliptically-polarized light. The results 
clearly show that the influence of elliptically-polarized radiations on the 
formation of carbohydrates is different from that of the plane-polarized 
radiations, and therefore the plane of vibrations of light may have some- 
thing to do with the synthesis of asymmetric compounds. 

If a method can be devised by means of which the total optical 
activity of the substances produced in leaves exposed to polarized and 
normal light can be accurately measured, it would be possible to arrive at 
a more definite conclusion concerning the effect of differently polarized 
radiations on the synthesis of asymmetric compounds. As the leaf contains 
such a heterogeneous mixture of very complex substances in minute 
quantities many difficulties will have to be overcome before such a method 
can be devised. 

Summary, 

The effect of elliptically-polarized light on the formation of carbo- 
hydrates in leaves was determined. 

A special apparatus was devised to obtain elliptically-polarized light ; 
this was done by re-reflecting a beam of plane-polarized light from a 
metal mirror as reflected by a pile of glass plates kept at the Brewsterian 
angle to a beam of parallel rays from a powerful flood-light lamp. The 
resultant beam was elliptically polarized and broad enough to illuminate four 
plants at a time. Potted plants kept previously in the dark for thirty-six 
hours were exposed side by side for six hours to the elliptically-polarized 
beam and a normal beam of equal intensity. 

Analysis of the leaves showed that the carbohydrate content of the 
leaves in elliptically-polarized light was less than that of the leaves exposed 
to non-polarized light 
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The results have been examined statistically and the differences are 
found to be significant This indicates a depressing or retarding effect of 
eiiiptlcally-polarized light on the formation of carbohydrates in leaves^ 

We have to thank the University of Bombay for a grant of Rs. 350 in 
1 93 1-2 towards the expenses of this investigation. 
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j. Introduction. 

I N 1937 positive increases in respiration under the influence of ionized 
air were obtained by Whimster (5), using pelargonium leaves, and by 
Middleton (i), working with barley seedlings. Later, De Boer (2), using a 
very wide range of ionization values, was unable to obtain any effect on the 
respiration of fungi. 

In view of these results, further work on this subject was considered 
necessary, and the present investigation was undertaken. 


3. Experimental Technique. 

Material. 

Experience having been obtained with barley seedlings and leaves of 
pelargonium, it was decided to employ both. 

The barley was a pure line (var. Goldthorpe), originally obtained 
from the Cereal Station of the Department of Agriculture and Technical 

[Annals of Botany, Vol. XLVm. No. CXCn. October, 1034.1 
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Instruction for Ireland and grown at Rothamsted in 1930. Approximately 
ioo~:^oo seeds were taken each day, placed in a large Petri dish lined with 
moist filter paper and allowed to germinate at if C. After 3-4 days 



Fig. I. Section of wax ring, showing method of growing barley seedlings. 

a number of the germinated seeds, selected for uniformity and freedom 
from fungal infection, were planted out in a wax ring containing moist 
silver sand (Fig. i). The average number of seeds in each ring was about 
fifty. The ring containing the seeds was now placed under artificial 
illumination at a temperature between 20° and 22^^ C. and watered daily. 
The experiment was started when the seedlings had reached an average 
height of 10 cm.; either the fourth or fifth day after planting. The 
illumination provided came from a water-screened Osram gas-filled lamp of 
750 watts, placed at a distance of 40 cm. from the plants. 

For the pelargonium experiments, leaves of -P. zonale (var. Paul 
Crampel) were employed. The plants were grown at Chelsea Physic 
Garden, cut leaves, selected as far as possible for size and age, being brought 
to the laboratory each morning. The petioles were now cut to the 
required length, the leaves placed in a glass stand, and allowed to assimi- 
late for twenty-four hours under the same illumination as employed for the 
barley. Before use they were transferred to a special glass ring stand 
(Fig. 2), designed to maintain the leaves in their correct positions in the 
respiration chamber. 

Apparatus. 

The respiration apparatus employed was the same for all the experi- 
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mental sets except the last, in which the original apparatus as described 
by Whimster was used. The new apparatus had a metal respiration 
cliamberj and the circuits were so arranged that either a continuous current 
of air or a closed system experiment could be conducted. It is shown 
diagrammatically in Figure 3. 

Starting from the left of the diagram, atmospheric air from outside 
the laboratory passes through the dust trap and by way of the two-way 
taps and T^, to the spiral scrubber S containing fifty per cent NaOFL 
Following this is a trap and two towers, the first A2 containing calcium 
chloride to protect the soda lime in A3. From here, the air now com- 
pletely freed from COg, passes by way of the gas wash-bottle B2 to the taps 
leading to the various circuits. Bg was filled with normal Ba(0H)2, the 
level being kept constant by periodic additions of distilled water, and 
served both as a test bubbler and to maintain a fairly constant degree of 
saturation in the air stream. Owing to the slight negative pressure at this 
point the tap Tg was inserted to prevent ‘ sucking back ' of the Ba(0H)2 on 
the chamber being opened. 

Of the three circuits meeting after Bg, the first via the tap T4, formed 
a complete by-pass to the whole chamber and circulation system. The 
second, controlled by the three-way tap T^, formed part of the circulation 
system, while the third led direct to chamber C, by way of the condensa- 
tion winter trap K. A manometer M to record the pressure in the chamber 
was inserted in this last circuit. 

The chamber was cylindrical in shape with a volume of about 3 litres. 
It was solidly constructed of brass with a gun-metal flange and had a gun- 
metal lid. This was held in place by six bolts ; an air-tight connexion 
being ensured by means of a vaselined lead washer. The ionizing agent — 
polonium deposited on copper foil — was symmetrically disposed around 
a brass rod passing through a rubber stopper in the lid. When not in use 
the polonium could be drawn up into a small compartment which was then 
closed by a brass cone attached to the bottom of the carrying rod. In 
this position there was no ionization of the air in the chamber proper. 

The whole chamber was immersed in a water-bath, the temperature 
being kept constant within C. by means of the mercury thermostat 
Th and the heating lamp H, The two motor-driven stirrers used are not 
shown in the diagram. Incidentally it may be added that both the water- 
bath and chamber were provided with circular celluloid windows in the 
bottom to permit of X-rays being employed as the ionizing agent. 

Passing from the chamber to the three-way tap T^, connexion could 
either be made to the absorption bubblers Dg by way of the trap Bg, or 
to the circulating piimp P. This was a mercury pump of the Blackman- 
Bolas type, but was fitted with an interrupter I of new design. It was pro- 
vided with a gold-leaf trap L. 

3x ' ' 
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The two absorption bubblers used were of the very efficient type pro** 
vided with an internal spiral, and were so arranged that either of them 
could be isolated by means of the taps and their contents replaced 

without interference with the other. 

Following the bubblers was a small wash-bottle containing- 

Ba(0H)2« and serving to indicate the degree of absorption of the carbon 
dioxide by the two bubblers; incomplete absorption was never observed. 

The whole system of absorption bubblers could be by-passed by way 
of the taps Tg and T^^, a tap being fitted in the position shown, to 
prevent contamination of the test baryta in by the CO2 in the gas 
stream. 

Flow regulation was controlled by adjusting the screw clip E, and 
was kept at six litres per hour by means of the Venturi flow-meter F, con- 
taining mercury. Owing to the clogging of the flow-meter Jet, it was found 
necessary to dry and clean the air before it passed through. ’ This was 
accomplished by the gas wash-bottle containing concentrated HgSO^ 
and the U tube U, one limb of which contained CaCl^, while the other was 
packed with cotton wool. 

Gas flow was maintained by means of an ordinary water pump, the 
Mariotte bottle G giving a constant ‘ head ’ of negative pressure. Although 
this was fairly large, the negative pressure in the chamber never reached 
2 cm. of mercury since the major part of the resistance in the system was 
on the pump side of the chamber. 

All joints were ‘ glass to glass \ the rubber tubing used being of the 
heavy pressure type, thoroughly impregnated with paraffin wax under 
reduced pressure. After fitting the rubber, the joints were painted with 
shellac. 

Tests for leaks were made from time to time by leaving the whole 
system under a high negative pressure. The only trouble expeidenced was 
due to the wearing of the lead washer on the chamber. This only resulted 
in a small amount of water entering from the bath, and was easily remedied 
by fitting a new washer. 

For the last set of experiments no departure was made from the 
apparatus as used by Whimster ; a description is therefore unnecessary. 

All experiments were carried out at 25° C. 

Carbon dioxide estimation^ 

In all experiments with the new apparatus this was carried out by 
absorption in sodium hydroxide and subsequent titration. The procedure 
was as follows : 50 cx. of 0^% N. NaOH was delivered from an automatic 
pipette into the bottom half of the spiral bubbler, and the top, already 
vaselined, rapidly replaced.' After absorption of the respiratory the 
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bubbler was very thoroughly washed out into a 250 cx. graduated flask ; 
5 cx„ of I'O N. BaCl 2 added, and the liquid made up to the mark with dis- 
tilled water. All distilled water used was CO2 free. 

It may be noted at this point that it was found necessary to calibrate 
all the graduated glassware used, some of the 250 cx. flasks having errors 
of over o«5 cx. 

After the precipitate of BaCOg had settled, the liquid usually being 
allowed to stand overnight, the flask was attached to an automatic pipette 
and a measured portion of the clear NaOH delivered into the titrating flask. 
This operation was accomplished, under entirely COg-free conditions 
and without disturbing the precipitate by means of the pipette, designed 
in this laboratory by J. L. Armstrong and the author, and to be elsewhere 
described. 

For the actual titration, a known quantity of approximately 0-04 N. 
HCi was run into the titrating flask from an automatic pipette, and the 
titration completed with c*02 N. HCI, using phenolphthalein as indicator. 
During the whole of this process it was found advisable to keep the titrating 
flask closed by a thin rubber cap, pierced with a small hole for the burette. 
Two replicates were always tritrated from each 250 c.c. flask. 

Since, in the method employed, only the burette readings for the 
weaker acid were taken, the CO2 value was obtained by subtraction of 
these figures from those obtained with a control titration. 

In the final set of experiments with the Whimster apparatus, in which 
the indicator method as elaborated by Bolas ( 1 ) was used, the same pro- 
cedure as described by Whimster (5 p. 363) for determining respiration 
rates was followed in its entirety. One small change was however made in 
the apparatus for colour matching, the portion of the box containing the 
slots for the coloured glasses being replaced by a simple form of comparator. 
This rendered matching very much easier, the two ‘colour fields^ being 
brought side by side by means of totally reflecting glass prisms. A dia- 
gram showing the optical system is given in Figure 4. 

Ionization. 

As in previous work, polonium was again found to be a very satisfac- 
tory source of ionization, and was employed in all the experiments. The 
polonium, deposited on a strip of copper foil, was obtained from the 
Institut du Radium, Paris. 

The method of using tlie polonium in the new chamber has already 
been described ; when In position for ionizing the air it was suspended cen- 
trally, about 10 cm. from the bottom of the chamber. Both the barley 
seedlings and the pelargonium leaves were provided with a circular guard 
ring, approximately 10-5 cm. in diameter. This was considered necessary 
in order to prevent any possibility of the plants coming within the range of 
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the a particles from the polonium. One of these rings Is shown in 
Figure 

In the last set of experiments the polonium was mounted and used in 
the same way as described by Whimster. It was, howeverj a different 
piece from that used in the other sets. 

Measurement of degree of ionization. 

The determinations were made in the usual way by measuring the 
saturation current between two plates in the position normally occupied by 
the seedlings or leaves. One plate was connected to a Dolazalek electro- 
meters in parallel with a precision air condenser of -ooi /xf. The other 
plate was charged by means of a rotary converter and dry batteries giving 
a total E.M.F. of about 1,100 volts, this being more than sufficient to give 
a saturation current. 

Using this method several measurements of the saturation current 
were made, of which the most accurate are given in Table L 


Table L 


Ionization Determinations. 




Volume of 

Total 

Saturation 

Degree of 

Date. 

Sets. 

air between 

capacity 

current 

ionization 



plates 

(Mf). 

(amps.). 

(Normal air = 

27. 10. 31 

A-E 

4 

0*00 1 06 

8*8 X 10-^' 

1*4 X 10® 

3. 33 

F 

70 

0*00109 

30*5 X 10 

2*8 X 10^ 


As the half-life period of polonium is 336 days ( 4 ), and following 
Wilson ( 7 ) in taking normal air as containing 1,000 ions per cx., one can 
calculate the degree of ionization in terms of normal air for each set of 
experiments. These figures are given with their respective experimental 

results. 

Following Whimster, Middleton, and De Boer, all measurements were 
made in still air dried with calcium chloride. 


3. Experimental Results. 

Barley Seedlings. 

Set A. 

The ring of seedlings was placed in the chamber overnight with the 
gas stream flowing straight through the apparatus. 

The following morning, after allowing twelve hours for respiration to 
become steady, readings were begun, the respiratory CO^ being absorbed 
continuously for five successive, two-hour periods. In the experiments with 
ionized air the polonium was applied during the second' and fourth' periods. 
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Table II. 

Barley Seedlings. Set A. 


Controls. April to July, 1931. 


No. 

Date. 

Respiration in mg. 

COg per 

2 -hour period. 



I 

2 

3 

4 

5 

I. 

27-4 

1 8-47 

17-96 

18*27 

18-92 

17-89 

2. 

29.5 

55-83 

16-51 

16*63 

16*68 

17*02 

3 » 

1.6 

23-91 

25*02 

25*52 

25*66 

25*26 

4. 

3-6 

22-74 

23*59 

23*79 

3375 

24*10 

S- 

4.6 

23-83 

24*93 

24*57 

25*05 

2474 

6. 

16.6 

22»3I 

21*91 

22-32 

22-64 

22*58 


18.6 

19*77 

20*91 

21*03 

20*22 

20-05 

8. 

13.7 

13*43 

14-26 

13*99 

14*21 

14*38 

9. 

20.7 

18*42 

18*92 

18*87 

18*35 

18*41 

10. 

23.7 

i 8-99 

19*20 

i 8-79 

18*23 

18.15 


Mean = 

= 19-77 

20*32 

20*38 

20*37 

20*26 


S. E. = 

±I*SO 

± 1*14 

± 1*17 

±1*20 

± 1*17 




ExperimentaL April to July^ iQji. 




Ionization. 

300,000 

times normal. 


No. 

Date. 

Respiration in mg, 

COg per 

2-hour period. 




I 

2* 

3 

4"^ 

s 

2. 

234 

19*77 

20*36 

20' 17 

20*74 

19-87 

2. 

244 

20*89 

21*88 

21*72 

21*00 

20-22 

3. 

284 

17*09 

17*34 

16*63 

I7-II 

16-77 

4. 

304 

19*46 

19*80 

19*17 

19*44 

18*92 

5. 

x-S 

22*62 

23*3^ 

22*58 

24*28 

24*53 

6. 

9*b 

22*53 

23*29 

23*79 

24*19 

24*40 

7. 

17.6 

23*95 

24*19 

23*10 

24*28 

23*88 

8. 

22.6 

19*86 

21*91 

21*98 

20*56 

19*96 

9* 

16.7 

13*90 

1475 

I4-B5 

15*56 

1573 

10. 

34-7 

J7*35 

18*06 

17*06 

17-89 

17*11 


Mean = 19*74 

20' 50 

20*11 

20*51 

20*14 


S.E. 

== ±0*95 

±0*96 

±0*97 

±0*98 

± 1*02 


Table III. 

Barley Seedlings. Set B. 

Controls. November to December, 1931, 


Date. 

Respiration in mg. COg per 

2-hour period. 


I 

2 

3 

4 

5 

5 *H 

19-77 

20*01 

20*17 

19*91 

19*79 

I 3 *n 

17*52 

18*20 

ia*i 3 

17*80 

17*32 

19.11 

1 9-20 

19*23 

19*16 

19*39 

18-66 

3-12 

17-30 

16*64 

16*80 

16*51 

16-80 

8.12 

17*61 

17*42 

17*56’ 

17*06 

37-11 

Mean 

« 18*28 

18*30 

16*37 

18-13 

17*94 

S. E.: 

= ±0*50 

±0*6 1 

± 0*59 

±0-66 

±0*56 
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Table III {continued). 
ExperinmitaL Novemher to December 


Ionization. 125,000 times normal. 


No. 

Date. 

Respiration in mg. 

CO2 

per 2-hour period. 



I 

2* 

3 

4^ 

5 

I, 

6.1 1 

18*65 

19*06 

18*87 

18*75 

18*41 

2. 

1 7. 1 1 

18-56 

18*54 

19*04 

18*61 

1 8*66 

3- 

20.11 

15*97 

17*54 

17*58 

17*37 

17*92 

4. 

27.11 

15*49 

16*64 

17*40 

17*75 

1775 

s. 

1. 12 

x 8*39 

i8*8o 

i8*i8 

1 8*0 1 

17*97 


Mean = 

= I 7 - 4 X 

18*12 

1 8*2 1 

18*10 

18*14 


S. E.= 

±0*69 

± 0*45 

± 0*33 

+ 0*26 

±0*17 


Table IV. 

Pelargonium Leaves. Set C. 
Controls. January to February, 1932. 


No. 

Date. 

Respiration in mg. CO2 per 100 cm.^ 

leaf area 




per 2-hour period. 




I 

2 

3 

I. 

27.1 

1*70 

1*58 

1-47 

2 

3.2 

3*19 

3*05 

2*93 

3* 

9.2 

2*53 

2*44 

2*24 

4* 

12.2 

2*30 

2*28 

2*i6 

5* 

17,2 

2*92 

2*76 

2*67 



Mean ^ 2*53 

2*42 

2*29 


S 

!. E. = +0*28 

±0*25 

±0*25 


Experimental, January to February 

Ionization. 85,000 times normal. 

No. Date. Respiration in mg. COg per 100 cni.^ leaf area 

_ 1^ ^ ? _ 


per 2-hour period. 



I 


3 

I. 

26.1 l"86 

1*72 

1*61 

2. 

2.2 2*64 

2*44 

2*34 

3* 

4.2 2*94 

2*95 

2*86 

4* 

10.2 2*52 

2-34 

2*30 

5* 

16.2 2*53 

2*30 

2*22 


Mean — 2*50 

2*35 

2*27 


S. E. = +0*18 

±0*20 

+ 0*20 


The full experimental data for the control and ionized series are given 
in Table II. 

Set B. 

This was carried out in the same way as Set A, the only difference 
being in the smaller number of experiments. The experimental data are 
given in Table III. 
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Pelargonium Leaves. 

Set C 

The ring stand containing the leaves was placed in the chamber with 
the gas stream flowing straight through the apparatus. After two hours, 
readings were begun, the respiratory CO2 being absorbed continuously for 
three successive two-hour periods. In the experiments with ionized air 
the polonium was applied diiring the second period. 

Sets D-F. 

The experimental data are given in Table IV. 

The three following sets were designed to test whether there was any 
increased effect of ionized air, consequent upon the accumulation of 
respiratory carbon dioxide, which takes place in closed system experi- 
ments. It was also considered possible that mercury vapour from the 
Blackman-Bolas pump might have affected the results in the original 
Whfmster experiments. These were therefore repeated in Set F. 

SetD. 

The ring stand containing the leaves was placed in the chamber and 
the gas stream allowed to flow straight through. After two hours taps 
and T^ were turned so that the stream of COg free air was diverted through 
the circulating pump P, the chamber being isolated. After five minutes 
for clearing the pump, these taps were again turned so as to put the pump 
in circuit with the chamber, the gas stream being allowed to flow through 
the by-pass by opening tap T4. After working as a closed system for 
three hours fifty-five minutes, T^ was closed and the pump put in com- 
munication with one of the absorption bubblers D, the chamber being 
isolated. After allowing five minutes for any CO^ in the pump to be 
absorbed, it was put out of circuit and the gas stream permitted to flow 
straight through and sweep out the chamber, one hour fifty-five minutes 
being allowed for absorption of the accumulated respiratory CO^. The 
duration of the whole experiment was six hours, for which only one respira- 
tion reading was obtained. 

In the experimental series the polonium was applied during the four 
hours ill which the closed-system-working was in operation* 

The respiration data, reduced to a two-hour basis, are given in 
Table V. 

Sej^E. 

This was similar in Set D, but was carried out at a different time of 
year. The respiration data are given in Table VI. 

Set F. 

. This was a, repetition of thC' respiration experiments of Whimster, the 
same procedure as described on page 363 of her paper being followed. 
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Table V. 

Pelargonium Leaves, Set D, March igj2> 

Ionization. 70,000 times normal. 

Respiration in mg. CO2 per 100 cm.^ leaf area per 2 hours. 


Controls. 

Experimental. 

27X 

2-86 

2*6o 

2*83 

2-79 

2-39 

2*68 

3*13 

3-14 

3*42 

Mean — 2*78 

2-93 

S. E. == ±0*09 

± 0*^7 


Table VI. 

Pelargonium Leaves, Set D, June 
Ionization. 45,000 times normal. 
Respiration in mg. CO2 per 100 cm.^ leaf area per 2 hours. 


Controls. 

Experimental. 

3*93 

4*So 

4 ’ o6 

3-73 

4*05 

4-05 

4 ‘ o6 

4*23 

4*83 

4-55 

Mean — 4-19 

4*27 

S. E. = +o-i6 

±0*19 


Table VIL 

Pelargonium Leaves, Set F, 


Respiration in Closed System using Indicator Method. 
Controls. December, 1932 to January, 1933. 


No. 

Date. 

Respiration in mg. COg per 100 cm.^ 

leaf area 




per 2-hour period. 




I 

2 

3 

I.' 

14.12 

3.90 

4-56 

3*25 

2. 

15.12 

4-48 

4-48 

3*58 

3 * 

16.12 

4-46 

4*74 

4*46 

4 - 

20.12 

4 -iS 

4*43 

4*98 

5* 

3.1 

3 -lS 

3*79 

3*47 

6. 

4.1 

3-88 

3*45 

3*45 

7 * 

5*1 

3-01 

3*27 

3*27 

8. 

6.1 

2-83 

2-47 

3*25 

,9. 

ii.i 

4 - 5 * 

4*34 

4*17 

10. 

12. 1 

3-66 

3-82 

3*99 



Mean = 3*80 

3*94 

3*79 


S. 

E. == ±0*20 ' 

±0*23 

±o*t 9 
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Table VII (continued). 
Experimental, January to February^ 


Ionization. 30,000 times normal. 




I 

2* 

3 

I. 

17.1 

4*09 

4*46 

4*28 

2. 

i8*i 

4-16 

5-19 

4 ' 4 i 

3- 

19,1 

2*90 

273 

3*22 

4- 

20.1 

2*22 

2*66 

2*66 

5. 

25.1 

2*78 

3-02 

3*62 

6. 

27.1 

2-51 

2*51 

2*31 

7 * 

31. 1 

2*22 

2*41 

2-66 

8. 

1.2 

2*64 

3.17 

2*90 

9. 

2.2 

3-17 

2*82 

3-00 

10. 

3.2 

4-07 

3*66 

3-46 



Mean == 3*08 

3*26 

3-2S 



S. E. = ±0*24 

±0*29 

±0*15 


The experimental data for this set are given in Table VI L 
Owing to the author being slightly colour-blind, the actual experi- 
mental work required for this. set was carried out by Mr, J. J. Chinoy, to 
whom the author wishes to express his thanks for the very thorough way 
in which the work was accomplished. 


Table VIIL 
Barley Seedlings, Set A , 
Controls. 


Variance 

Degrees of 

Sums of 

Mean 

due to 

freedom. 

squares. 

square, 

Plants 

9 

596*3326 


Time 

4 

2*6281 


Residual 

36 

6.0262 

0*1674 

Total 

49 

604*9869 



Experimental. 


Variance 

Degrees of 

Sums of 

Mean 

due to 

freedom. 

squares. 

square. 

Plants 

9 

416*3176 


Time 

4 

4*0312 


Residual 

36 

12*8080 

0-3558 

Total 

49 

433-1568 



(4) Statistical Treatment of Results. 

In Sets A, B, C, and F it was found possible to use the method of 
‘ Analysis of Variance " : Accordingly, the actual application of this method 
will be described in detail for Set A* 

Taking 'the data of Table II, the variance for each series can be 
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analysed as shown in Table VIIL Then assuming the best estimate of 
the standard error for the whole set to be obtainable from the residual 
variances of the two serieSj we have 

Sum of squares ___ 6-0262+ 12*8080 

No. of degrees of freedom 36 + 36 

giving a Mean Square for the whole set of 0*2616, 

Now considering periods i, 3, and 5 untreated, and periods 2 and 4 
treated, we have 

Total number in untreated periods = 60 

Total number in treated periods = 40 
whence 

Standard error = V^(^^ + 4^0) 0*2616 
= 0*1044 

Then calling the mean of the treated periods and the mean of the 
untreated periods we get 

Experimental series Mf- = 0*5052 
Control series — = 0*211 

If now the value for the control series be subtracted from the value for 
the experimental series, thus allowing for the shape of the respiration 
curve, we get the value 0*2942 which may be called the ‘ treatment dif- 
ference ^ and to which the ‘ t ’ test can be applied by dividing by the standard 
error giving t = 2*818 where n = 98. This shows a probability of con- 
siderably more than 100 to i and is certainly highly significant. 

Examined in the same way Set B gives 

Experimental series = 0*184 

Control series = 0*022 

Differences 0*162 

The standard error of the difference is 0*1219 where t = 1*329 (n =48). 
This probability is little more than five to one and is not significant. 

Similarly Sets C and F give ‘treatment differences' of —0*043 
— 0*0405 with standard errors of 0*0871 and 0*0918 respectively. The 
results are not significant ; there is thus no evidence of any positive effect in 
either case. 

In the case of Sets D and E it is only possible to make a direct com- 
parison between the means of the experimental and control series. For 
this purpose the ‘ t ’ test is as convenient as any and was therefore used, 
values of ‘t' equal to 0*768 and 0*338 being obtained for Sets D and E 
respectively. Both these values are quite non-significant, but there is 
some slight evidence for a positive effect in that the means of the experi- 
mental series are higher than those of the control series in both sets. It is, 
however, obvious that these differences will have to be very large to 
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become significantj since the only measure of variability available for com- 
parison with the eftect of treatment includes the variability of the plant 
material^ which is known from the other experiments to be considerable* 
The standard error is thus much exaggerated. The increases due to 
treatment were actually five per cent, and 2 per cent., which are greater 
than that found in the one significant result with barley. 

It is interesting to note that from the data already obtained a direct 
comparison of the accuracy of the indicator method of Set F and the con- 
tinuous absorption method of Sets A-C can be made. Thus if we compare 
Set F with Set A, both having the same number of individual experiments, 
we have standard errors of 0-0918 for Set F and c-io44for Set A. Then 
since an increase equal to twice the standard error is necessary for signifi- 
cance we obtain the values 0*183 and c*'2C9. Treating these as absolute 
increases in respiration they come to six per cent, and one per cent, of the 
experimental values in Sets F and A respectively, showing that the indicator 
method requires an effect six times as great as that possible of detection 
with the continuous absorption method. 

(5) Discussion of Results. 

Set A with barley seedlings shows a very significant increase in 
respiration under the influence of ionized air. The effect is very small, 
being an increase of only about i*5 per cent, of the respiration rate. Set B 
shows a slight increase which, though not significant, is no doubt a real 
effect of the treatment 

Turning to pelargonium leaves, the only sets in which there is any 
increase at all in the respiration rates are D and E in which the respiratory 
CO2 w^as allowed to accumulate for four hours. Here, however, the 
increases are far too small to have any significance under the experimental 
conditions employed, and cannot be claimed to do more than point to a 
positive effect. 

Sets C and F show no evidence of any effect of ionized air. 

Thus there is definite evidence for a positive effect of ionized air in the 
case of barley seedlings but not in the case of pelargonium leaves* How- 
ever, even in barley the effect is so small that it is only detectable in the 
very large Set A, so that it is very probable that a considerably larger 
effect would go unnoticed in the pelargonium sets, with smaller numbers. 
In the case of Set F, using the indicator method, it has already been shown 
that an effect about four times as large as that obtained in Set A would be 
required for significance. 

The very large increases obtained by Whimster have not been 
observed*' 
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(6 ) Summary. 

The effect of ionized air on the respiration of barley seedlings and 
pelargonium leaves was studied both by the continuous current method and 
the closed system method. 

In the case of the barley seedlings a significant increase in the respira- 
tion rate of about two per cent, was found, which is smaller than that 
observed by Middleton (4). 

With the pelargonium leaves there was no evidence of any significant 
effect It is, however, probable that the methods employed were not 
sufficiently refined to detect an effect of the same order as that found with 
barley. There was no indication of any such large increase as that found 
by Whimster (5). 

In conclusion, the author wishes to record his thanks to Professor 
V. H. Blackman, on whose suggestion this work was undertaken, for his 
unfailing interest and help ; and to Dr. F. G. Gregory for much assistance 
with the statistical section. 
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NOTE. 


HYBRID VIGOUR IN RECIPROCAL CROSSES IN CUCURBITA PEPO.— 

Ashby ^ has presenled evidence th^t in maize the greater vigour of the hybrid of 
two inbred strains is not due to a greater efficiency index than that of the parents, 
since it inherits, as a complete dominant, the efficiency index of the more vigorous 
parent, but that hybrid vigour can be accounted for by the greater size of the embryo 
in the hybrid grain. He shows, also, that reciprocal crosses have the same efficiency 
index, their difference in hybrid vigour being due to a difference in embryo size. 
This difference he regards as due to some process occurring between fertilization 
and the development of the embryo. He says, ‘ Hybrid vigour is nothing more than 
a maintenance of an initial advantage in embryo size \ 

During the course of a cyto-genetical study in Cuciirbifa Pepo I have had 
occasion to observe the marked hybrid vigour which occurs in the generations 
between crosses of pure lines, and some data collected from reciprocal crosses in this 
species may be of interest in the light of Ashby’s work. The parents used in these 
crosses were from Professor Sinnott’s inbred pure lines of C. Pepo^ Among these 
lines are some with seeds which are characteristically large and are over twice the 
size of seeds of other lines. Since the size of the F^ seed is determined by the 
maternal parent it is possible, in a reciprocal cross, to get two hybrids which are 
genetically identical but which have widely different seed sizes. This means that 
they have correspondingly different embryo w^eights, for in the squash the greater 
part of the seed is embryo. Since this material lacks the complication of an endo- 
sperm, and provides such marked differences in embryo size, it seems particularly 
favourable for a study of this problem. Two reciprocal crosses between big-seeded 
and small-seeded lines were studied. 

The mean weight of ten embryos was determined for each hybrid. Fifteen 
plants of each of the reciprocal types were grown in the held, all under the same 
general conditions. At intervals the number of leaves and the blade-area of each 
plant were recorded. After nine weeks the mature fruits were counted. At this 
time five plants of each series were removed from the soil and the fresh %veight 
determined. The leaves were counted and measured. Leaf-area in this work was 
computed by squaring the average diameter (length plus width divided by a), a method 
which, though inexact, proved suitable for comparative purposes. 

The results are given in Table I. A and C represent the large-seeded parents ; 
B and D the small-seeded ones. F, (AxB) and F^ (B x A) are the hybrids in one 
reciprocal cross ; (C X D) and F^ (D x C) the hybrids in the other. 

The figures show^ that ihe hybrids from the larger embryos are markedly larger 
during early development, but that the difference is much greater during the first 

^ Ashby, E., Studies in the Inheritance of Physiological Characters. Ann. Bot,,xHv. 457, 1930, 
Ibid,, xlvi. 1007/1932. 

[Anaals of Botany, VohXLVIH. Ho. CXCII. October, 1934.3 
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weeks of growth than it is later. The plants from small embryos show a tendency 
to catch up with those from large embryos. When the last recoid was made the 
diOTerences in number of fruits and in weight of plant in the two types are slill 

TABLE 1 . 


Means for Measurements in the Four Hybrids of the Tim Reciprocal Crosses 
at Four Periods during Development, 


Time 

in 

days. 

Parts 

measured. 

(A X B). 

Fi (B X A). 

D/Ed. 

F, (CxD). 

Fi (D X C). 

D/Ed 

1 

0 

Weight of 
embryos 
in mg. 

41 ±2-5 

18 + 1*9 

7-iS 

7413-2 

1 

1 

I 

25 ± 0-4 

15*21 

19 

Leaf 

number 

2*66 + 0*1 

1-66 ±0-1 

7*14 

3.40 + 0-1 

2*00 + 0*1 

10-00 

Leaf area 
in sq. cm. 

45 t 4-9 

16 ± 1*8 

5-57 

181 ±67 

4512-9 

18*63 

39 

Leaf i 

1 number 

S73±0'2i 

7.3310-26 

4-24 

10-73 ±0-20 

8-53 + 0*19 

8-14 

Leaf area 

1210 + lOI 

666+ 135 

3-24 

IS 77177 1 

1156+ 102 

5*64 


No.of fruits 

i*6o + 0‘I4 

1*1310-09 

2-94 

2-13 + 0*07 

3^-73 ±0‘o6 

4-34 


Weight of 
plant in lb. 

b*75 ± 0*38 

5*50 + 0-04 

4-31 

5 ’iS±o*i 7 

1 

4-05+0*30 

3*12 

64 

Leaf 

number 

65-6 ± 0*30 

65*0 + 0-18 

176 

67*0 + 3*90 

57*1 ±4* So 

I *60 


Leaf area 

27900+ 1385 

24300 + 399 

2-49 

21100 + 1560 

15900 + 1400 



probably significant, but differences in leaf number and in leaf-area have ceased to 
,be so. There appear to be two factors to consider here: (i) size of embryo, and 
(2) length of giowth period. There is no doubt that the larger embryo gives a 
initial advantage which is maintained for some time. The plants in this group 
blossomed earlier and set fruit earlier, but at the end of nine weeks aie growing more 
slowly, comparatively, than those from the reciprocal crosses. This indicates that 
the ultimate size attained is the samedn the two hybrids from a reciprocal cross, but 
that the limit is 1 cached first by the one that starts with the greater capital, die other 
attaining the limit by virtue of a longer period of growth. This fact emphasizes the 
importance of taking into consideration, in a study of hybrid vigour, not only initial 
size but duration of growth. 

SARA F. PASSMORE. 
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